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EXECUTIVE SUMMARY

Project Gnosis was a two-year research and development effort undertaken by Evidence Based
Research Incorporated to build a simulation model of the knowledge creation process within a
future Joint Task Force (JTF) command system. A unique aspect of this model is its explicit
representation of the hierarchical knowledge state created by the JITF planning rhythm. The
Jfoundation of this knowledge state is a set of strategic objectives issued by National Command
Authorities. Through a succession of simulated knowledge creation tasks, these objectives are
decomposed into several levels of actionable knowledge, including desired strategic endstates,
centers of gravity, supporting functional elements, and—finally—a prioritized set of node
mission packages to be executed by the subordinate component commands. This knowledge state
can potentially include thousands of associated knowledge elements representing an operational
scenario. These knowledge elements correspond to the information that would be contained in
such products as the Commander’s Guidance Statement, Prioritized Effects List, Joint
Prioritized Target List, Effects Tasking Order, Daily Apportionment Order, and so forth.

The model also represents a social network of staff actors that collaboratively contribute their
unique bodies of expertise to specific knowledge creation tasks. This aspect of the model enables
the analyst to address knowledge creation as a socially influenced process wherein the quality of
the resulting knowledge product depends upon the appropriate and effective integration of
unique areas of expertise. Here, staff actor knowledge is stochastically represented in terms of
probability matrices that specify the likelihood of an actor “recognizing” the linkages that exist
among the thousands of knowledge elements. The model structures the participation of staff
actors through their assignment to specifically defined boards, working groups, and cells within
the JTF command process. Additionally, the ability of each actor to effectively contribute their
unique knowledge within these various communities of interest is modulated by a number of
cognitive, social, organizational, and technological factors that can be set by the analyst.

The present model includes a baseline database that addresses a four-phase operational
scenario: setting initial conditions, initial forced entry, decisive action, and stability and
reconstruction. These phases include a wide variety of political, military, economic, social,
information, and infrastructure (PMESII) scenario elements that must be addressed by the JTF
planning process. Model output can be used to assess overall JTF planning effectiveness (in
terms of the percentage of “ideal world” actionable knowledge reflected in the resulting Effects
Tasking Order), number of mission nominations that produce unintended negative consequences
(due to inadequate vetting), and operational outcome (in terms of the percentage of operational
campaign objectives successfully executed in each phase of the scenario). A host of diagnostic
information is also provided by the model that can be.used to assess patterns of staff actor
involvement and other types of internal system performance. Specific guidance is provided
regarding the study of a variety of information technology, leadership, training, and personnel
management issues and their impact on the JTF command system effectiveness. Two sets of
parametric model runs are included in this report that illustrate the model’s ability to address
© the impact of staff actor knowledge and personnel instability on key staff positions. The model is
written in Micro Saint Sharp and can be executed on a desktop computer with sufficient speed
and memory. While the present model includes only a rudimentary representation of actual
battlespace results, its structure lends itself to future integration in a larger confederation of
combat simulation models.




The goal of Project Gnosis was the initial proof-of-principle development of a new generation of
simulation models that would be capable of analytically addressing multiple facets of the
sensemaking and knowledge management process that occurs within a military command and
control system. To that end, the present model allows the analyst to examine the impact of
various cognitive, social and—to a limited extent—ecological variables on the ability of a JTF
command process to produce and execute an Effects Tasking Order. As with a real-world
military command and control system operating in a modern PMESII problem space, the
simulated planning and execution process reflects the complex interaction of thousands of
constructs and processes. Although the underlying logic of the model architecture is relatively
straightforward and transparent, our limited experience with this type of simulation model in the
present project has revealed its use to be challenging. Various sets of cognitive and social
variables and constructs embedded within the model can interact in sometimes surprising ways
to either enhance or degrade knowledge creation performance. Yet this is merely a reflection of
the same complexity faced by analysts in studying real-world phenomena. Accordingly, great
care must be taken in both defining the types of systems engineering issues to be addressed and
the manner in which these issues are reflected in the myriad of data input required for each

model run.

In this regard, the report has suggested a number of “analytic avenues” along which the analyst
can use the model to address certain types of systems engineering issues. Yet this guidance must
be supplemented with the analyst’s experience in running the model —experience that reveals
critical model sensitivities and limitations. Thus, caution must be raised against the notion that
the model can be employed by the casual user to generate a quick or simple set of parametric
analyses. Like with any complex simulation model, the use of this model requires a committed set
of analysts who can dedicate the time and attention needed to become intimately familiar with

the model’s workings.

The two series of parametric runs illustrated in the report are but a small sampling of the studies
that could be undertaken with the model, depending upon the interests of the analyst. Like any
complex simulation model, the present model is an analytic tool, not an answer to a specific
systems engineering question. Consequently, the validity and quality of the insight achieved with
the use of this model depends entirely upon the skill of the analyst to (1) develop valid input
parameters from real-world observations and experience, (2) calibrate these input parameters
with the analytic assumptions and algorithms embedded within the software, (3) form the input
~ parameters into a cohesive “case representation” that is consistent with the model architecture,
and (4) properly interpret the model output to reflect the type of insight appropriate for

addressing a specific systems engineering issue.

Finally, it is acknowledged that the present model is by no means a complete representation of
the process by which actionable knowledge is produced by an organization in the real world.
Much research remains for the future to explore and refine other aspects of sensemaking and
knowledge management. Project Gnosis is the beginning of but a very long journey to address
the cognitive, social, and ecological dimensions of this process in a systematic and analytic
manner. It has, however, demonstrated the feasibility and utility of such an undertaking. To that
end, the present research study serves as both a milestone for the present and a direction sign for

the future.
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INTRODUCTION

This final technical report summarizes the work and findings of a two-year Phase-II Small

Business Innovative Research (SBIR) project (Project Gnosis) that developed an explicit

simulation of the sensemaking and knowledge creation process within a Joint Task Force (JTF)

command system. The project was funded by the Human Effectiveness Directorate of the Air

Force Research Laboratory at Wright-Patterson Air Force Base in response to the Air Force’s

need for a new generation of command and control (C? models. Earlier conceptual designs of
this model were published by Leedom & Eggleston (2005a) and Leedom & Eggleston (2005b).

The resulting simulation model explicitly portrays the process by which a JTF headquarters

translates higher-level command intent into a specific operational tasking order that is

subsequently executed by the various air, ground, maritime, and Special Forces subordinate

commands. The knowledge space represented within the model considers the various political,
economic, military, social, information, and infrastructure (PMESII) dimensions of the

battlespace over a four-phase operational scenario. Additionally, the model explicitly portrays

the operational expertise, social status, and availability characteristics of relevant staff actors

within the JTF command system. These staff actors comprise various network-enabled planning

boards, working groups, and cells within the JTF command system. It then uses these

representations to estimate the degree to which each actor participates in various steps of the

collaborative planning process. The resulting quality of the operational tasking order that

emerges from this process (measured against an “ideal world” plan) is significantly influenced

by contributions each staff actor is allowed to make at specific steps in the planning process.

Through this type of modeling representation, analysts can explore the impact of various

cognitive, social, organizational, and technological factors on the overall effectiveness of the JTF

command system. The simulation model, using the latest features available in the MicroSaint®

modeling environment, can be run on a desktop PC with a Microsoft Windows® operating

environment. Depending upon the number of scenario phases considered in a given execution of
the model, run times vary between 30 seconds and a few minutes. The resulting model allows the

analyst to explore various types of parametric changes to actor knowledge, social status, and

availability, as well as different types of collaboration rules that affect staff actor contribution.

This final technical report provides an in-depth discussion of the unique modeling architecture
that emerged from this project —an architecture that provides explicit insight into the structure
and content of the knowledge space that is constructed by the JTF staff. As part of this
discussion, the report addresses the scenario-based knowledge elements that comprise the “ideal
world” reference standard for measuring the quality of the operational plan. The technical report
includes a number of appendices that provide details of the model task descriptions and the
baseline input data —e.g., staff actor characteristics, scenario-based knowledge elements, etc. A
model user manual is provided as a separate, stand-alone document under this project.

Finally, a brief word is in order regarding the name given to this research project: Project
Gnosis. The word “yvéoic” comes from the Greek language and means “knowledge” or
“insight.” The word is particularly appropriate since the goal of this project was to create a
model that explicitly and analytically captured the contribution of JTF staff knowledge or insight
to the creation of a set of operational orders in a complex, multi-dimensional scenario.




MODELING ARCHITECTURE

The modeling architecture for representing the sensemaking and knowledge creation process
within a JTF command system is motivated by research findings that emerged from the Phase-I
SBIR study preceding this project (Leedom, 2004). This study found that sensemaking and
knowledge creation can be defined as a multidimensional—or system-of-systems—process of
developing operational understanding in a complex and evolving battlespace. Specifically, this
process can be characterized in terms of the following system of systems:

« Cognitive System  Sensemaking and knowledge management can be viewed as the process
of collecting, filtering, interpreting, framing, and organizing available information into
~ actionable knowledge for command decision making.

« Operational System Sensemaking and knowledge management can be viewed as an active
and dynamic process in which the commander is attempting to construct and impose a
specific intent or reality against a reactive adversary.

« Social System  Sensemaking and knowledge management can be viewed as the process of
reconciling and integrating multiple stakeholder perspectives into a common operational
vision that is driven by command intent.

« Organizational System  Sensemaking and knowledge management can be viewed as the
process of building up appropriate bodies of staff expertise, equipping those bodies with
effective information systems and collaboration technology, and efficiently structuring the
knowledge management and decision making process rthythms of those bodies.

Together, these various systems combine and interact to produce the knowledge needed to
command joint military operations. Since they act together as a system-of-systems entity, each
component must be addressed and understood in terms of its influences and contributions.
Accordingly, the analytical modeling of sensemaking and knowledge creation within an
organization such as a JTF command system should be approached from a multidimensional
point of view —one that considers the cognitive, operational, social, organizational systems and
their interactions. The following discussion outlines the approach taken in Project Grosis to
reflect each of these aspects in the modeling architecture that emerged from this work. Selected
references are given in this document to the underlying theories that motivated the modeling
architecture. For a more complete discussion of these theories, the reader is referred to the Phase-

I study’s technical report.

MODELING THE COGNITIVE ASPECTS OF SENSEMAKING AND KNOWLEDGE
CREATION

Sensemaking and knowledge creation are essentially cognitive processes that take place at the
individual level, although (as discussed later) it is appropriate to consider the social process of
forming a shared understanding when specific individuals collaborate within an organization. In
the present project, individual cognition is reflected in terms of how individual staff actors are
characterized in their ability to mentally recognize a set of inputs (represented as a set
information elements or cues) and, through application of their individual experience and tacit
expertise, generate a set of outputs (represented as an associated set of knowledge declarations).
This is considered the essential process of knowledge creation in the present project. In terms of



modeling knowledge creation tasks, the generation of causal linkages between a set of task input
and outputs forms the fundamental modeling paradigm by which individual expertise is
represented analytically. The use of a cue recognition paradigm for modeling the tacit expertise
or knowledge of specific staff actors within the model is motivated by three areas of cognitive
research: (1) the recognition-primed model of sensemaking developed by Winston Sieck and a
team of researchers from Klein Associates (Sieck et al, 2004), (2) the multiple-trace model of
schema abstraction of Douglas Hintzman (1986), and (3) the vector-activation model of tacit
knowledge developed by Haridimus Tsoukas (2002). By applying this paradigm in a recursive
manner, the model traces the mental process by which high-level abstract concepts or ideas are
successively decomposed into a lower—and more detailed—elements of knowledge that can be
translated into action.

A simple illustration of how this process is modeled is shown in Figure 1. The analytical
functioning of this paradigm is similar to the functioning of a Leontief input-output matrix in
economics. On the left, the task input stimuli (in the form of a vector of binary values) represents
the current knowledge state of the actor at a certain level of knowledge abstraction. The vector is
defined by the set of ideas—say, candidate endstates of a military operation—that are potentially
relevant to the JTF. The “1”s and “0”s within the vector represent which of these ideas are
currently “activated” in the actor’s situational awareness or understanding. In turn, this set of
activated knowledge elements serves as mental cues for triggering other mental associations —
say, the type(s) of centers of gravity that are potentially associated with each desired endstate in
the operation. The matrix shown in Figure 1 represents the actor’s tacit expertise —or his ability
to mentally associate each of these input cues with another set of meaningful knowledge
elements. Thus, using the illustration of desired endstates and centers of gravity, the “1”’s shown
within the matrix reflect those areas where the staff actor’s area of expertise would allow him to
mentally recognize that a valid association exists. The resulting matrix multiplication of the task
input vector times the tacit knowledge matrix produces, in turn, another vector of binary values
that reflects the new knowledge created during this mental task. Here, the “1”’s and “0”’s within
the output vector represent the actor’s situational awareness or understanding of which centers of
gravity are now “recognized” as being relevant to the operation. The output vector (or
knowledge state) of this task then serves as the input to a subsequent task where additional tacit
knowledge is used to mentally associate (decompose) the recognized centers of gravity with
specific supporting PMESII (i.e., political, military, economic, social, etc.) functions that must be
engaged in order to achieve desired effects against each center of gravity. As noted above, the
recursive application of this Leontief input-output paradigm allows the model to represent the
process by which high-level abstract ideas—e.g., command intent expressed in terms of
“recognized” operational objectives—are successively decomposed into a set of lower-level
knowledge elements —e.g., specific “recognized” battlespace objects and actions targeted against
those objects. [Note, the next section of this discussion introduces and outlines the specific
knowledge structure assumed in the model to decompose the overall operation.]

The matrix shown in Figure 1 represents the “ideal world” in which mentally associations are
deterministically formed. In the real world, such mental associations are better represented as a
stochastic process that reflects the area and level of expertise of the staff actor performing the
mental task. Such an arrangement is illustrated in Figure 2 where the “1”s have been replaced by
specific probability functions that yield an association value. Missing or zero probability values
indicate a situation where a specific input cue falls outside of the staff actor’s area of experience




or expertise. The remaining non-zero values represent the mean likelihood that the staff actor
would recognize a s?eciﬁc input cue and be able to mentally associate it with a specific output
knowledge element.” Here, the association strength computed within each cell of the matrix
reflects the relative level of expertise (e.g., novice versus expert) that the staff actor possesses in
each area of task cues. Thus, the operational expertise of each staff actor within the JTF
command system can be simply represented in terms of a series of stochastic input-output
matrices required for performing the different types of mental tasks required of that staff actor in

the JTF planning process.

Actor's Tacit Knowledge of Relevant Associations
Between “Endstates” and “Centers of Gravity”

Actor’s Current State l
of Knowledge

Regarding Valid g ;q;) g ;mw gD) g g é'?
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Figure 1 Modeling Paradigm for Representing Staff Actor Knowledge Creation

Using a matrix of this form to represent the expertise of an individual staff actor allows the
analyst to do several things. First, the process of invoking the matrix to transform a set of input
cues into a corresponding set of output knowledge products can be represented stochastically —
i.e., the mean likelihood values can be use with a random number generator in the model to
determine the specific knowledge products generated each time the model is executed.
Alternatively, the output of the normal distribution function can be compared against a
“threshold value” that is specified by the analyst. This threshold value, in turn, can be used to
reflect the amount of deliberation time allow for the process. For example, a low threshold value
allows a greater number of associations to be recognized and would correspond to a situation in
which the staff actor was given ample time to ponder the set of input cues. Conversely, a high
threshold value allows fewer associations to be made and would correspond to a situation in
which the staff actor was given little time to ponder the set of input cues. This strategy is

! A normal (Gaussian) distribution function is assumed with a mean, , set equal to the value specified in the matrix
cell and a standard deviation, o, set equal to a user-specified input value (typically 0 < ¢ £0.3).



reflected in the baseline model architecture in order to allow the analyst to specify either a
deliberate or hasty planning assumption. In modeling terms, this simply means that the computed
values in the output vector are rounded up to a value of 1 or truncated to a value of 0, depending
upon whether or not they meet the threshold value specified by the model user. For example, in
the illustration shown in Figure 2, an association strength of 0.27 is computed stochastically for
“Center of Gravity 6.” However, since this value does not exceed the specified threshold, it is
truncated to a value of 0 to indicate that it has not reached the level of “recognition” by the actor.
The general manner in which the threshold value influences staff actor performance is-shown in
Figure 3.

Actor’s Tacit Knowledge of Relevant Associations
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Figure 2 Stochastic Paradigm for Representing Knowledge Creation

As indicated earlier, the analyst can adjust the pattern of mean likelihood values to reflect
specific areas and levels of expertise for each staff actor. In this manner, the analyst is able to
accommodate a variety of personnel factors such as (1) the level of staff actor training and (2)
the length of operational assignments. For example, a lower ranked staff officer might reflect a
novice level of expertise, whereas a more senior officer might be specified to have a wider range
of expertise. Similarly, staff officers only recently assigned to a JTF headquarters might be
considered to have lower probability values, whereas a staff officer who has spent considerable
time in the area of operations might have a significantly highly likelihood of interpreting a set of
input cues in terms of meaningful knowledge outputs.

Finally, the analyst can use this type of matrix to specify other forms of expertise that might be
available to the JTF command system. For example, a computer-based decision aid or existing
knowledge base—e.g., an Operational Net Assessment (ONA) database—can be modeled as a
non-human staff actor. In this case, the mean likelihood values would be set at a very high level
to indicate those relationships or associations specified in the computer-based decision aid or




existing knowledge base. By executing the model with and without the presence of such an actor,
the analyst can assess the contribution of the decision aid or knowledge base to overall JTF

command system effectiveness.

High
Analyst specifies a
low threshold value
“Deliberate”
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Associations
Recognized
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Figure 3 Staff Actor Performance as a Function of Task Time

MODELING THE OPERATIONAL ASPECTS OF SENSEMAKING AND
KNOWLEDGE CREATION

The specific cognitive processes that take place within a JTF command system are shaped or
structured by the nature of the operational problem space. The process begins with the receipt of
a set of strategic goals or objectives that have been assigned by the National Command Authority
(NCA). The process culminates with the development and issuance of a specific set of tasking
orders that specify the actions to be carried out by each of the subordinate military commands or
(in some cases) by the diplomatic, economic, and information media agencies that are supporting
the operation. In order to move from the beginning to the culmination of this process, the JTF
staff must engage in a series of planning activities that systematically decompose the NCA
objectives into meaningful knowledge elements that comprise what might be termed “the battle
calculus” of the operation. In the present project, the modeling architecture for representing this
decomposition follows the general form of Rasmussen’s abstraction hierarchy, identified and
described in Phase I of this modeling project (Rasmussen et al, 1990). Here, Rasmussen and his
research cohorts define a cognitive work space in terms of several dimensions, one of which is
means-ends relations. These relations —expressed in terms of several levels of abstraction—are
considered important when dealing with discretionary decision making —the type that typifies
much of the decision making within a JTF planning process.

To provide further structure to the knowledge elements within this discretionary decision space,
the modeling architecture adopts several ideas found in the military literature. The first idea
comes from the writings of Major General Honoré (Honoré, 2002). Describing the process of
mentally visualizing the battlespace, Honoré describes the importance of (1) visualizing each
operation from the current state along a line of operations to the end state, (2) seeing the
adversary in terms of centers of gravity (primary sources of moral or physical strength, power,



and resistance), capabilities, requirements, and vulnerabilities in order to determine decisive
points that can be connected to form a line of operations, and (3) seeing one’s own resources that
can be employed to impose one’s will on the adversary. Addressing the recently popular term of
effects-based operations (EBO), Buster McCrabb notes that the mental visualization of the
battlespace “spans the gamut of military operations from humanitarian relief to major theatre
war. It accounts for lethal and non-lethal applications of force delivered kinetically or via non-
kinetic modes. EBO incorporates and expands upon traditional approaches such as targets-
based and strategy-to-task. ...The goal of an effects-based approach is tracing and
understanding how those actions affect the attacker or enemy commander’s behavior. Functions
are defined as broad, fundamental, and continuing activities. Processes, or activities, are how
work—tasks--is done. For commanders, the most basic activities are planning, executing, and
assessing operations. EBO is a method for accomplishing those tasks.” (McCrabb, 2002) A
similar idea is found in Joint military doctrine which states that “The most effective method for
planners to conduct an analysis of the adversary’s centers of gravity to identify its critical
vulnerabilities is to visualize the centers of gravity in terms of a system —i.e., what are its
functional components (critical requirements) and how do they relate to one another? What
elements within this ‘system’ protect, sustain, or integrate its various elements or components?
Once a detailed systemic analysis is completed, the planners should then try to identify the
critical vulnerabilities within that system.” (JCS, 2002) Finally, the recent development within
US Joint Forces Command (USJFC) of the Operational Net Assessment (ONA) database concept
provides formal structure to the ideas expressed by Honoré, McCrabb, and others. Specifically
contained within their description of a future JTF command system is the concept of a database
that analytically links command intent with action: “ONA development is a collaborative process
that relies on interaction among a number of participants, both within and external to the [JTF
headquarters]. The ONA Working Group... is a cross-functional organization that meets
collaboratively to build the baseline ONA by linking nodes to effects; identifying potential
Diplomatic, Informational, Military, and Economic (DIME) options; linking actions to effect-
node pairs; identifying secondary and unintended consequences for effects of effect-node-action
linkages, applying resources to effect-node-action linkages,; and updating the ONA.” (USJFC,
2004)

Working within the abstraction framework suggested by Rasmussen and the guidance offered by
the various military references, it is possible to envision the JTF planning process in terms of a
hierarchy of associated knowledge elements. The general structure of this hierarchy is illustrated
in Figure 4, as it has been manifested in the modeling architecture. Beginning with the set of
NCA objectives, each objective is considered to be mentally associated with a desired endstate,
an abstract statement describing some condition of the battlespace that defines successful
achievement of the objective. Each desired endstate is then mentally associated with one or
more specific centers of gravity that represent the major points at which an adversary or situation
can be operationally influenced in order to achieve the desired endstate. Centers of gravity are
still considered to be somewhat abstract in nature; however, from the point of view of simulating
the construction of actionable knowledge, they constitute an important object to be represented in
the model architecture.
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Figure 4 Decomposition of Knowledge Elements within the JTF Problem Space

Continuing in this manner, centers of gravity are further decomposed into a set of supporting
PMESII functional elements. These knowledge elements refer to various political, military,
economic, social, information, and infrastructure functions within the battlespace that support a
particular center of gravity. Hence, the mental association of these functional elements with a
specific center of gravity constitutes an important cognitive process to be represented in the
modeling architecture. Finally, the lowest level within the knowledge structure consists of the
specific node mission packages that are deemed necessary for influencing the PMESII functional
elements in a specific way. Each node mission package is defined in terms of a specific type of
battlespace object (e.g., a political figure, a military installation, a unit of the adversary’s military
or insurgency force, a construction site), a specific action to take against that object (e.g.,
diplomatic initiative, air mission, ground mission, Special Forces mission, contractor project),
and a specific desired effect that the action is to achieve against the object (e.g., negotiate,

destroy, capture, rebuild).

In order to provide a reference standard for assessing the performance of the JTF planning
process, the modeling architecture presumes that the analyst will first define the operational
scenario in terms of an “ideal world” knowledge structure. That is, the analyst defines the
operational scenario in terms of a completely populated hierarchy of knowledge elements and
their corresponding associations. This “ideal world” knowledge structure defines the correct
associations that would be made at each level of knowledge creation if the JTF staff had
unlimited time and perfect expertise with which to perform the planning process. It should be



noted at this point of the discussion that the different “levels” of knowledge elements defined
within this framework roughly correspond to knowledge products developed at different stages
in the JTF planning process. For example, the desired endstates and associated centers of gravity
correspond to important elements of the JTF Commander’s Guidance. Similarly, the
decomposition of centers of gravity into the associated PMESII functional elements corresponds
to important elements of the Prioritized Effects List developed by the JTF’s core planning group.
Continuing further down this hierarchical structure, the identification of node mission packages
to be focused against each of the PMESII functional elements corresponds to the essential
knowledge elements reflected in the Joint Prioritized Target List. Finally, the assignment of node
mission packages to specific subordinate commands under the JTF command structure and the
compositional definition of resources (two processes not depicted in Figure 4 but included in the
model) roughly correspond to the product of the course of action analysis and weaponeering
analysis phase of the JTF planning process.

As such, this structure provides a standard framework for specifying individual staff actor
expertise as discussed in the preceding section. That is, the “real-world” expertise of each staff
actor is specified relative to this reference standard by entering appropriate mean likelihood
values that correspond with the various association linkages. Using the Leontief matrix structure
discussed earlier, the knowledge elements identified at one level of this hierarchy become the
“input cues” for identifying the next lower level of knowledge elements. This iterative process
repeats between each level of the hierarchy extending from the NCA objectives down to the node
mission packages. Because the staff actors are characterized as recognizing these association
linkages with less than perfect ability, the resulting knowledge structure produced in any given
model execution will always be less populated than the “ideal world” reference standard. That is,
the resulting knowledge structure produced by the JTF staff will typically reflect “missing
knowledge elements” at each level because of the limited expertise of the staff actors. In this
fashion, the degree of completeness (or incompleteness) provides an appropriate method for
measuring and assessing JTF staff performance. As will be discussed later, the quality of the
operational plan (actionable knowledge structure) produced by the JTF command system
depends strongly on which staff actors effectively contribute their expertise to specific steps in
the planning process.

In addition to specifying which knowledge elements are correctly identified and associated
within the overall knowledge structure produced by the JTF staff, the modeling architecture also
concerns itself with the notion of unintended negative consequences —as highlighted earlier in
brief discussion of the ONA database. Negative, unintended consequences are assumed within
the modeling architecture to arise from improper vetting of the battlespace functions and objects
relative to the rules-of-engagement specified for the JTF command system. Thus, within the
modeling architecture, specific staff actors are characterized in terms of having awareness of
which PMESII functional elements and which battlespace objects have been declared
“restricted” because of a particular rule-of-engagement. If the staff actor effectively contributes
to the planning process, their awareness results in a particular PMESII functional element or
node mission package being deleted from the operational order produced by the JTF command
system. Conversely, if the staff actor is prevented from effectively contributing to the planning
process, then a “restricted” PMESII functional element or battlespace object is inadvertently
included in the operational order. Because the modeling architecture does not represent in detail
the actual engagement of specific battlespace objects (and their resulting consequences), it is




merely assumed that the inadvertent inclusion of a “restricted” PMESII functional element or
battlespace object detracts from the overall performance of the JTF command system.

Finally, it should be noted that the model architecture presumes that each of these various
battlespace knowledge elements reflect differing degrees of operational importance. As
described in more detail later, the operational weighting scheme assigns various “priority values”
to desired strategic endstates and centers of gravity to determine their relative contribution to
campaign success. Additionally, the weighting scheme specifies how much each PMESII
functional element contributes to its parent center of gravity. As these values are associated
downward to the node mission packages, it then becomes possible to compute an “operational
score” for each node mission package. As node mission packages are identified, added to the
resulting operational plan, and then subsequently successfully executed within the model, this
weighting scheme provides a method for tracking the operational progress of the campaign —e.g.,
the “operational scores” of the successfully executed node mission packages are summed and
compared against the total possible score value (ideal world) to measure the relative success of

the JTF planning process.

For the present project, a four-phase operational scenario was developed and articulated in terms
of an “ideal world” knowledge structure. Figures 5 and 6 summarize each phase of this baseline
scenario in terms of general thrust and number of knowledge elements specified at each level
within the reference knowledge framework. As can be seen from these illustrations, the number
of branches within the JTF knowledge framework grows significantly as one moves from the
level of NCA objectives to the level of node mission packages. It is also noted in Figure 6 that
the number of node mission packages that must be potentially considered by the JTF command
system in Phase 4 of the scenario (Stability and Reconstruction) is significantly greater than the
corresponding number of node mission packages in Phases 1-3. A complete description of the
scenario knowledge elements is presented in Appendix A. This baseline scenario was used for all
subsequent model development and testing activities during the current project.
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10




Setting Conditions for
Success

Initial Forced Entry

Decisive Operations

Stability and
Reconstruction

Centers of Gravity

» Adversary airpower systems

+ Adversary seapower
systems

« Key areas of interest

« Internal insurgency forces

+ Key admin/military officials

» Civilian population

* US/coalition forces

« Country Green

- Country Orange

Centers of Gravity

+ Eastern border surveillance

« Eastern combat divisions

« Eastern advance routes

« Adversary airpower systems

= Adversary seapower
systems

* Key areas of interest

* WMD stockpiles/delivery
systems

* Top regime leadership

» Western border defense

* Western security forces

« Western paramilitary

¢ Key airfield defenses

» Southern paramilitary

+ Capital area paramilitary

+ Westem/southern leaders

+ Cukuralireligious support

» Key route traffic

Centers of Gravity

« WMD stockpiles/delivery
systems

+ WMD labs/production

« Key regime actors

« Politicalffinancial networks

« Capital area paramilitary

» Capitulating divisions

» Resisting divisions

« Resource infrastructure

« Key population leaders

« Civilian refuge traffic

« Distribution relief areas

+ Ethnic neighborhoods

« Tesrorist operations

« Foreign infikration celis

« Criminal networks

« Coalition supply convoys

+ Coalition assembly areas

Centers of Gravity

* Neighborhood intelligence
« Operating spoiler cells

« Insurgency attack sites

« Ethnic communication

» Spoiler organizations

+ Major disruption sites

« Civil administration

« National police force

« Electricity/water/sewage
* Information networks

+ Public education

» Transportation networks
» Public health systems

+ National military forces

+ Key economic sectors

+ PVO/NGO organizations

« Courttry Green staging
areas
* Resource infrastructure

See Appendix B for detailed description

and Operational Sortles

Elements, Node Mission Package Class

of PMESH Functional
es. Node Misslon Packages,

* Ethnic neighborhoods

PMESII Functional Elements
+ 54 functional elements

PMESII Functional Elements
+ 81 functional elements

PMESH Functional Elements
+ 43 functional elements

PMESH Functional Elements
+ 55 functional elements

+ 488 mission packages

» 610 mission packages

» 501 mission packages

Node Mission Package Classes Node Misslon Package Classas Node Mission Package Classes Node Misslon Package Classes
« 59 node classes * 64 node classes * 45 node classes + 81 node classes
Node Mission Packages Node Mission Packages Node Mission Packages Node Misslon Packages

+ 2918 mission packages

Figure 6 Summary of “Ideal World” Knowledge Elements within JTF Problem Space - Part I1

MODELING THE SOCIAL ASPECTS OF SENSEMAKING AND KNOWLEDGE
CREATION

Sensemaking and knowledge creation within an organization or large-scale system frequently
involves multiple experts and/or stakeholders coming together to reconcile multiple viewpoints
on a situation. At the same time, individual analysts and planners will often collaborate within
specific communities of interest to pool their available information and experience. In this
manner, the resulting understanding that emerges from this process is more robust than that
which could be produced by an individual. Such communities of interest can form on a
spontaneous or ad hoc basis, or they can be consciously managed through the deliberate
formation of specific review and advisory boards, working groups, and planning cells.

For the purposes of this project, a community of interest is defined as a group of individuals—
each holding different areas and levels of expertise—that comes together to address and resolve a
specific problem or issue. As discussed later, many such communities of interest exist within a
JTF command system to accomplish different steps in the planning process. At the heart of any
community of interest is the socio-cognitive process of integrating and reconciling various
bodies of expertise so that they might be used to form a shared understanding of the specific
problem or issue of interest. This process is considered cognitive in nature because it is the tacit
knowledge of each participant that is being made explicit and used to form a shared
understanding. The process is also considered social in nature because various social factors
influence the degree to which each participant contributes to this group process. In the present
project, the modeling architecture accommodates both aspects of this socio-cognitive process.
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From a cognitive perspective, the modeling architecture assumes that each staff actor is uniquely
characterized in terms of the Leontief input-output matrices described earlier. These matrices are
defined relevant to each specific knowledge creation task reflected in the modeling architecture
and provide the analytical basis for computing a set of knowledge products from a set of input
cues. Thus, if a given staff actor is considered to be potentially available for participating in a
certain type of knowledge creation task in the model, then a corresponding input-output matrix
must be defined for that staff actor against that specific task. When multiple staff actors
collaborate on the same knowledge creation task, the modeling architecture first reconciles their
individual input-output matrices into a single matrix (defined as the group consensus knowledge
matrix). Then, as illustrated in Figure 7, the modeling architecture completes the task by
applying the group consensus knowledge matrix against the task input cues.
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Figure 7 Knowledge Creation Task Collaboration Model

Four alternative strategies are included in the modeling architecture for reconciling a set of
individual input-output matrices into a single group consensus knowledge matrix. These
strategies reflect different forms of collaboration and include the following:

o Authoritative Strategy: The ranking staff actor’s matrix is used as the group consensus
knowledge matrix, while the matrices of the other participants are ignored. (Note: A defined
attribute of each staff actor is the actor’s formal military rank.) Such a strategy assumes that
the ranking staff actor will dominate the community of interest by virtue of their formal rank
within the organization. Figure 8 lists the range of formal military ranks considered in the

model.
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o Inclusive Strategy: The matrices of the participating staff actors are compared on a cell-by-
cell basis, and the maximum probability value occurring within any of these matrices is used
for the group consensus knowledge matrix. Such a strategy assumes that each participating
staff actor contributes according to their relative areas and levels of expertise. This strategy
achieves the highest overall performance in terms of recognizing input cues.

« Democratic Strategy: The matrices of the participating staff actors are compared on a cell-by-
cell basis, and the numerical average of the probability values occurring within these matrices
is used for the group consensus knowledge matrix. Such a strategy assumes that each
participant mutually exerts influence on every other staff actor in the community of interest.
Hence, the group is assumed to move in each case toward an average likelihood of
recognizing specific input cues.

« Hybrid Strategy: The matrices of the participating staff actors are compared on a cell-by-cell
basis, and the rank-weighted numerical average of the probability values occurring within
these matrices is used for the group consensus knowledge matrix. This strategy is similar to
the democratic strategy, except that the formal rank of each staff actor is used to weight the
influence of that individual’s probability values on the computed average value. Such a
strategy assumes that participants mutually influence each other, but do so according to their
formal rank within the organization.

Formal Rank

General or Ambassador -
Lieutenant Generél
- Major General .
Brigadier General
-~ Colonel .
2 Lieutenant Colonol o :
Majm or Chlef Warrant Ofﬂcof 4-5
Captain or Chlof Warrant Oﬁlcorz 3

R NI SN T -

Figure 8 Range of Staff Actor Ranks

In addition to reflecting different collaboration strategies, the model architecture also considers a
number of different obstacles to effective collaboration. As illustrated in Figure 9, each actor that
can potentially participate in a specific knowledge creation task is first assessed in terms of six
types of collaboration obstacles: (1) the cognitive capacity of the actor to comprehend the task,
(2) the level of trust or familiarity of the actor within the JTF organization, (3) the existence of
parochial barriers that inhibit the actor, (4) the social currency of the actor within the community
of interest, (5) the communications connectivity of the actor, and (6) the expressive power of the
collaboration tools through which the actor participates. Each of these obstacles is represented in
terms of a probability value that, when combined with the other probability values, reflects the
likelihood that a specific staff actor will effectively contribute his knowledge to the task. The
actual process is represented in a stochastic manner in the model. That is, the computed
likelihood of effective contribution is compared against a random number generated by the
model to determine if a specific staff actor actually participates in an assigned knowledge
creation task.
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Figure 10 summarizes the range of values available for selection in the model (available values
annotated along each scale). Thus, for each staff actor defined in the model, the user can
uniquely characterize that actor in terms of the six scales shown in Figure 10. This flexibility, in
turn, allows the model user to parametrically explore the impact of such factors as personnel
assignment policy, level of training and experience, communication network reliability, inter-

agency cooperation, degree of collaboration tool sophistication, and so forth.
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MODELING THE ORGANIZATIONAL ASPECTS OF SENSEMAKING AND
KNOWLEDGE CREATION

Sensemaking and knowledge creation within an organization will depend upon the specific
population of staff actors and experts available to that organization plus the manner in which
these staff actors and experts are functionally organized into specific communities of interest. In
the present project, we conducted a review of relevant Joint and Service documents to identify
the types of staff actors that might be available to the JTF planning process (Eggleston, 2005;
Dept of Army, 2003, 2005; Joint Chiefs of Staff, 2002a, 2002b; Phister et al, 2001; Secretary of
the Air Force, 2004a, 2004b; US Army War College, 2000; US Joint Forces Command, 2002,
2003a, 2003b, 2004). These documents—some of which were still in the draft stage—provided
insight into Joint and Service thinking about future organizations and processes. It should be -
emphasized, however, that the set of staff actors and planning tasks identified through this
review are notional in nature —that is, they reflect an amalgamation of emerging Joint and
Service concepts outlined for future operations. In some cases, it became clear during this review
that certain staff functions and positions were duplicative when Joint organizational structures
and processes were compared side-by-side with their Service counterparts. It is further evident
that considerable attention needs to be given to reconciling Joint and Service concepts if they are
to produce an effective and efficient sensemaking process.

Nevertheless, it was possible to gain a general understanding of how sensemaking and
knowledge management might be undertaken in a future JTF command system. As a result, the
specific organizational structure that was adopted for the present modeling work largely follows
the structure outlined for a future JJTF headquarters, but with key Service planners and experts
assumed to be integrated in via a network-centric planning structure. As a result, the
organizational process and staff structure that emerged within this project should not be
interpreted as endorsing one particular command and staff arrangement over another. Rather, the
emerging structure attempts to capture the essence of how a future JTF planning process might
be functionally organized and staffed. Similarly, it should not be assumed that the modeled
process and structure would reside within a single headquarters. Rather, the planning process and
staff structure reflected in the current modeling project is, perhaps, best thought of as being
geographically distributed across several headquarters operating in a network-centric fashion.

The communities of interest reflected within the notional JTF command system are organized by
specific steps in the planning process. In turn, each step in the planning process potentially draws
staff actor participants from the various working groups, cells, and boards nominally defined
within the JTF command system. To illustrate this process, it is first useful to present an
overview of the task structure reflected in the JTF model. As shown in Figure 11, knowledge
creation within a future JTF command system begins with the receipt of mission orders from the
National Command Authorities (NCA) and proceeds along a number of socio-cognitive steps to
produce an initial Effects Tasking Order (ETO).> The ETO comprises the mission orders given to
the set of component commands for execution. The ETO reflects the prioritized set of actions
(organized by effects and battlespace targets) deemed necessary to achieve the mission
objectives assigned to the JTF Commander.

2 1t should be noted that specific terminology such as “Operational Net Assessment” and “Effects Tasking Order”
will come into and fall out of common usage as Joint and Service leadership changes over time. The terms adopted
for use in this project reflect force development thinking circa 2004-2005.
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Figure 11 Knowledge Creation Task Sequence within a Notional JTF Command System

In a very real sense, the planning tasks listed in Figure 11 correspond to the hierarchy of
knowledge elements described earlier in Figure 4. For example, development of the JTF
Commander’s operational guidance in Task 1 corresponds to the identification and prioritization
of Desired Strategic Endstates and an associated set of Centers of Gravity. Conducting the
operational mission analysis (Task 2) corresponds to the translation of Centers of Gravity into a
constituent set of PMESII Functional Elements and an associated set of operational effects that
are documented in terms of a Prioritized Effects List (PEL). The PEL, in turn, is translated
through the effects analysis (Task 3) into a set of battlespace Node Mission Packages that are
documented in terms of the Joint Prioritized Target List (JPTL). This process continues through
Tasks 4-8 as the JPTL is amended, vetted, and adjusted to account for second-order effects and
rules-of-engagement. At the same time, the Node Mission Packages are appropriately matched
with action resources available and assigned for execution to specific component commands.® At
the tactical execution level, the ETO is parsed by the component commands and executed in a
cyclical fashion. During each execution cycle, the ETO is adjusted in two ways. First, time-
sensitive target nominations (generated by the Joint Time-Sensitive Targeting Cell) are inserted
into the cycle of operations ~thus displacing resources previous earmarked for preplanned Node
Mission Packages. Second, re-nominated Node Mission Packages are received from each of the

% The component commands include the Joint Force Air Component Command (JFACC), the Joint Force Land
Component Command (JFLCC), the Joint Force Maritime Component Command (JFMCC), the Joint Special
Operations Task Force (JSOTF), and the Joint Interagency Coordination Group (JIACG) that represents the other
agencies and departments involved in the operational campaign.
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component commands -representing missions that were either (1) scrubbed due to the
unavailability of action resources or tactical intelligence or (2) assessed to be unsuccessful in
achieving their desired effect. The execution cycles continue within each component command
until all of the intended Node Mission Packages are successfully executed. Depending upon the
phase of the operational campaign and the extent of the mission objectives, this cyclical process
can take only a few days or it can extend over several hundreds of days.

To better understand how the model interprets each operational planning and tactical execution
task, Figures 12-22 present a breakdown of each task in terms of the specific knowledge creation
steps, staff actions, decisions, and events reflected in the model architecture. Within each of
these diagrams, terms bolded and italicized correspond to specific knowledge elements explicitly
portrayed in the simulated process.

Task put ‘| Misslon Orders containing summary list of NCA Objectives .~ - ..
Task Step | Description Participants
1-1 Receive Mission Orders and Operational Value Scores JPG Admin Section
1-2 Identify restricted PMESIf Functional Elements and Node Rules-of-Engagement
Misslon Packages Working Group
13 Associate specific relevant Strategic Endstates with each Joint Coordination
NCA Objective Board
1-4 Associate specific relevant Centers of Gravity with each Core Joint Planning
identified Strategic Endstate Group
15 Compute Operational Value Score for each identified Center JPG Admin Section
of Gravity
1-6 Assemble and publish Commander’s Guldance statement JPG Admin Section
. ‘ | Commander’s Guldance contamng fist of assoclated Stralvg:’c Endstates assocnated' ’
Task Output Centors of Gravlty and restncted PME s Funcﬂonal Elements and Nodo Mls Ion ‘
. .| Packages .. . . R e T

Figure 12 Develop JTF Commander's Operational Guidance (Task 1)

_Task Input | Commander's Guldance = :
Task Step | Description Participants
2.4 Associate specific relevant PMESIH Functional Elements with Core Joint Planning
each identified Center of Gravity Group
2.2 Identify which PMESH Functional Elements are restricted by Rules-of-Engagement
rules-of-engagement Working Group
2.3 Compute Operational Value Score of each identified PMESH JointFires & Effects
Functional Elemeont Working Group
2.4 Assign operational effect to each identified PMESH JointFires & Effects
Functional Element Working Group
2-5 Publish the Prioritized Effects List JPG Admin Sechon
Task o.,t,,.“ii it | Prioritized Eitects List that contains the set of identified PMESH Functio
I; "0n | vetted according to rules-of-engagement; and rank-ordered by Operational

Figure 13 Conduct Operational Mission Analysis (Task 2)
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. Task Input | Prioritized Effects List L
Task Step | Description Participants
1 Associate specific relevant Node Misslon Package classes Joint Fires & Effects
with each identified PMESH Functional Element Working Group
Identify which Node Missfon Package classes are resticted JointFires & Effects
32 ;
by rules-of- engagement Working Group
33 Compute “primary” Operational Value Score for each JointFires 8 Effects
identified Node Mission Package class Working Group
Identify second-order effects on other PMESIH Functional
34 Elements associated with identified Node Mlssfon Package Blue / Red Cell
classes
Identify which Node Mission Package classes are restricted Rules-of-Engagement
3-5 .
by rules-of-engagement Working Group
+6 Compute “secondary” Operational Value Score for eath JointFires & Effects
identified Node Mission Package class Working Group
17 Compute “total” Operational Value Score for each identified JointFires 8 Effects
Node Mission Package class Working Group
38 Cull redundant Node Mission Packages classes not needed Joint Fires 8 Effects
to achieve influence of PME Sil Functional Element Working Group
3.9 Assign operational effect to each identified Node Mission JointFires & Effects
Package class Working Group
310 Publish Joint Prioritlzed Targst List JPG Admin Section
", | Joint Prioritized Target List that contains a set of idertified Node Mission Package
Task Output | classes characterized in terms of “primary” and “secondary” Operatlonal Value Scoros X
and vetted according to rules-of-engagement , L
Figure 14 Conduct Effects Analysis (Task 3)
Task lnput | Joint Prioritized Target List (as developed by JTF staff planning process)
Task Step | Descrlption Particlpants
41 Receive Node Misslon Package classes nominated by other Joint Fires & Effects
agencies through the Joint Interagency Coordination Group Working Group
42 Consolidate target nominations into the Joint Prioritized JPG Admin Section
Target List
“Task Output | Jolnt Prioriized Target List (as amended by nominations from other agencies)

Figure 15 Amend Joint Prioritized Target List (Task 4)
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“Task Input | Amended Joint Prioritized Target List e
Task Step | Description Participants
51 Identify specific antecedent Node Mission Package classes Joint Fires & Effects
required to be engaged prior to currently nominated target set Working Group
5.2 Validate and reprioritize fmtecedent No«fe Mission Package PG Admin Section
classes as necessary to insure sequencing of engagement
Task Output | Adjusted Joint Prioritized Targét List (amended to include antecedent targets)

Figure 16 Course-of-Action Development: Identify Antecedent Targets (Task 5)

Adjusted Joint Prioritized Target List -

Task input
Task Step | Description Partlclpants
Identify Primary Action Class {and Component Command) -
6-1 that produces desired effect for each nominated Node JO‘"; F|{es 8 Effects
orking Group
Misslon Package class
62 Estimate number of Sortfe Packages required to achieve Joint Fires & Effects
desired effect by Primary Action Class Working Group
Identify, if applicable, Secondary Action Class (and -
63 Component Command) that produces desired effect for each JO";?:'::S gﬁe'ﬂs
nominated Node Misslon Package class 9 P
-4 Estimate number of Sortie Packages required to achieve JointFires & Effects
desired effect by Secondary Action Class Working Group
Task Output Required Son‘!e Packages estimates (by Prlmary and Secong_!ary Actfon Class apd

Figure 17 Course-of-Action Development: Weaponeer Node Mission Packages (Task 6)
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Task lnput | Adjusted Joint Prioritized Target List and required Sortle Packages estimates . *
Task Step | Description Participants
7.4 Time-order Node Mission Package classes, based on Joint Fires & Effects
Operationa Value Scores (highest engaged first) Working Group
7.2 Receive Sortie Package availability estimates for each Action | Joint Fires & Effects
Class Working Group
Loop over execution cycles, beginning at D-Day and continuing urti] all target sels are engaged do=—n
]
Loop over Node Mission Package classes, beginning with highest pricrity G —————m—— “ :
7.3 If Primary Action Class sortie packages are available, assign Joint Fires & Effects ; :
to Node Mission Package; otherwise, skip to Step 7-4 Working Group : (
7.4 If Primary Action Class sortie packages are available, assign Joint Fires & Effects ; |
to Node Mission Package; otherwise, skip to end of loop Working Group 1 :
7.5 Decrement avaiable sortie packages, as appropriate, if they Joint Fires & Effects : :
: are assigned to Node Mission Package class Working Group .
End of Nods Package class loop - ———————— ——————— ———me ]}
Endof executioncyclo00p @0 e e e e . ———————— !

Task O Dally Apportionment Asslignment (assigns Node Mission Package class nommabons ho
a ! JFACC, JFLCC, JFMCC, JSOFT, and JIACG for each execution cycle) L

Figure 18 Course-of-Action Development: Apportion Node Mission Packages (Task 7)

Task Input . | Daily Apportionment Assignment

Task Step | Description Participants
8-1 Assemble staff inputs for Effects Tasking Order JPG Admin Section
82 Conduct JTF Commander's decision briefing . Core Joint Planning

Group
Publish Effects Tasking Order to JFACC, JFLCC, JFMCC, s .
83 JSOTE. and JAGG JPG Admin Section

Task Output | EHfects Tasking Order (initia assignment of Node Mission Packagos by exec' tion cycle
to specific Action Classes and Component Commands)

Figure 19 Publish Initial Effects Tasking Order (Task 8)
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Effects Tasking Order (as amended and exécuted during previous execution cycle), re- -

_sensitive target sets)

- Task'}hp,ut.‘ nominated Node Misslon Packages received from Component Commands, and 71
: et 1 Sensitive Target nominations réceived from JTFTST Cell - L
Task Step | Description Participants
Receive re-nominated Node Misslon Packages from JFACC,
-1 JFLCC, JFMCC, JSOTF, and JIACG (based on previous JPG Admin Section
execution cycle resuits) '
92 Insert re-nominated Node Mission Packages into current Joint Fires & Effects
Daily Apportionment Assignment Working Group
Integrate time-sensitive Node Misslon Packages into current e
9-3 Daily Apportionment Assignment (takes precedence over pre- Joint F|r.es 4 Effects
Working Group
planned target sets)
Conduct JTF Commander’s decision briefing Core Joint Planning
9-4
Group
9-5 Publish adjusted Effects Tasking Order JPG Admm Sechon
,Taski()z Adjusted Eﬂocts Tasking Ord?r (amended to nclude re- »ml ted target set

Figure 20 Adjust Effects Tasking Order for Next Execution Cycle (Task 9)

Dally Mission Effects Raportfor Node Mission Packages executed uring prekus L

Task h_"-’ ut execution cycle
Task Step | Description Pattlclpants
10-1 Receive daily Mission Etfects Reportfrom JFACG, JFLCC, Effects Assessment
JFMCC, JSOTF, and JIACG Cell
10-2 Prepare summary of Node Mission Package progress Effects Assessment
Cell
10-3 Prepare rol-up summary of PMESI] Functional Efement Effects Assessment
progress Cell
10-4 Prepare rokup summary of Center of Gravity progress Effects Assessment
Cell
10-5 Prepare rol-up summary of Strategic Endstate progress Effects Assessment
Cell
Task Output | Set of progress metrics that compare operational resuks against the ‘ideal world" scenario’

Figure 21 Daily Assessment of Effects (Task 10)
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Tasklnput | Adjusted Effects Tasking Order {received from JTF Headguarters) ~+ ... o0

Task Step Description Participants

11-1 Obtain actual Sortie Package availabilty for cument execution Comm 6nent
tycle {for each Action Class conducted by the Component P

Command

Command)

Laop over Nods Mission Packages assigned to current execution cycle € = = = = == == = === == -

11-2 If (1) Sortle Packages are available and (2) Current Component
Intelllgence is avalable, execute Node Mission Package Gommand

11-3 If {1) Node Mission Package successfu and {2) Mission Component

Feedback available, then annotate Node Mission Package

as “completed” -> go to Step 11-5 Command
11-4 Otherwise, re-nominate Node Missfon Package to JTF Gomponent

Headquarters Command
11-5 Provide Misslon Effects Report to Effects Assessment Cell Component

{Task 10) Command

End of Node Mission Package loop

Task Output | Mission Effects Report and re-nominated Node Mission Packages

Note: This task sequence Is repeated separately for JFACC, JFLCC, JFMCC, JSOTF, and JIACG
Figure 22 Tactical Execution Cycle (Task 11)

The participants listed for each task in Figures 12-22 are drawn from specifically identified
communities of interest defined within the JTF command system. Each community of interest—
defined by Joint doctrine as a specific board, group, working group, or cell—is considered to be
responsible for generating the knowledge elements that comprise the output of a specific
planning task. Thus, the composition of these boards, groups, and cells determines the type
(areas and levels) of staff actor expertise that is applied at each stage in the JTF planning process.
The nominal composition of each board, group, working group, and cell was determined from a
review of the Joint and Service force development and doctrinal literature referenced earlier.
Again, it must be stated that the exact composition of these various boards and groups are subject
to future definition by JTF Commanders. However, for the purposes of this project, they were
assumed to be comprised of the specific staff actors and experts depicted in Figure 23.

Listed for each community of interest are both primary and supporting participants. Following
the logic reflected in the modeling of each knowledge creation task, the task is initially
undertaken by the set of primary participants. As illustrated in Figure 24, the knowledge creation
task is executed (1* iteration) using the collaboration strategies and obstacle factors outlined
earlier. At this point, the model logic assumes that the JTF Commander (or his designated
Knowledge Management Officer) would review the progress of the task in terms of the extent of
knowledge elements “recognized” by the set of primary participants. If it is determined that
significant gaps exist within the task’s knowledge product, then the collaboration process is
repeated a second time (2" iteration) with the supporting participants added to the process. By
adding the supporting participants, the model logic assumes that re-execution of the knowledge
creation task will benefit from additional areas or levels of expertise. Computationally, this test
involves comparing the percentage of “missing” knowledge elements (compared to the “ideal
world” scenario) against a threshold value specified as user input to the model. Currently, the
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Figure 23 Composition of Boards, Groups, Working Groups, and Cells Reflected in the Model Architecture
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Figure 24 Knowledge Threshold Management Process
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THE ANALYSIS OF SENSEMAKING AND KNOWLEDGE MANAGEMENT AS A
SYSTEM OF SYTEMS PROBLEM

As noted earlier, the modeling of sensemaking and knowledge management within a JTF
command system is best approached as a system-of-systems problem. Specifically, these
processes involve cognitive systems, operational systems, social systems, and organizational
systems —all working toward the common objective of translating high level command intent into
a detailed set of action directives. The preceding section of this report has outlined the key
elements of each of these systems as they are represented in the simulation model that emerged
from this project. Addressed next is the matter of how these modeling features can be employed
to study the sensemaking and knowledge management performance of a JTF command system.

A System of Systems Model

As shown in Figure 25, an organization such as a JTF command system can be viewed as a
system of systems model —with each component system interacting with and exerting influence
upon the other systems. Within the cognitive system, individual staff actors within the JTF
command system engage in the framing of available information within their personal experience
and expertise to form actionable knowledge. Specifically, this knowledge is defined by the
specific mental association linkages that are formed between the various levels of the JTF
problem space (see Figure 4). The individual actors include those specific staff members within
the JTF command system that participate in the joint planning process (see Figure 23).

Individual actors engaging in the framing of The tterative execution of actions to further
information within personal experience and understand and conform the operational
expertise to form actionable knowledge workspace to an intended endstate

- COGNITIVE OPERATIONAL
SYSTEM SYSTEM

SYSTEM INTERACTIONS
AND INFLLUENCES

ORGANIZATIONAL
SYSTEM

SOCIAL
SYSTEM

Multiple actors engaging in communities of Communities of interest organtzed within a
Interest to transform individual knowledge specific planning process to transform
into shared understanding and Intent understanding and Intent into action

Figure 25 System of Systems Model

Within the social system, designated sets of actors engage in communities of interest to
transform individual knowledge into shared understanding and intent. Specifically, these
communities of interest correspond to the various boards, groups, working groups, and cells
defined within the JTF command system (see Figure 23). The relative availability and
contribution of specific actors depend upon the current workload and the set of collaboration
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obstacles affecting each actor (see Figures 9 and 10). The manner in which individual knowledge
is integrated within each community of interest is determined by the mode of collaboration

established for that community (see Figure 7).

Within the organizational system, communities of interest are task organized within a specific
planning process or planning rhythm to transform shared understanding and intent into a set of
action directives. Specifically, the operational planning rhythm consists of a sequence of
collaborative knowledge building tasks that decompose high level command intent into desired
endstates, centers of gravity, supporting PMESII functions, and battlespace node mission
packages (see Figure 11). The resulting knowledge space is reflected in the form of an ETO that
specifies the operational missions to be executed by each component command within the JTF

command system.

Within the operational system, the directed missions specified in the ETO are carried out over a
number of daily execution cycles, with the total number of cycles determined by the mission
requirements and the availability of mission resources. Collectively, the set of missions serves to
- conform the battlespace to a set of desired endstates. At the same time, these missions provide
feedback regarding the state of the battlespace —thus providing the JTF command system with
the ability to adjust its understanding and redirect missions as time goes on.

Modeling Representation and Measures of Performance

Depicted in Figure 26 is the level of progress achieved during Project Gnosis regarding the
representation of this system of systems model in terms of working simulation software. Three of
the component systems—cognitive, social, and organization—are shown as completely
represented, at least in terms of first-order effects and linkages. The operational system is shown
as partially represented since the original scope of Project Gnosis precluded the detailed
modeling of combat and other actions within the battlespace. ‘

Figure 26 also illustrates the types of model inputs over which the analyst has control.
Specification of these inputs allows the model analyst to configure the JTF command system in
various ways ~thus allowing the capability to examine a range of personnel, technological,
organizational, and process issues associated with the design and functioning of a future JTF
command system.

Cognitive System Representation  First-order representation of the cognitive system includes
the detailed specification of individual actor knowledge in terms of the Leontief input-output
matrices that specify their likelihood of associating knowledge elements across the
decomposition of the JTF problem space. By adjusting these matrix values, the model analyst
can specify the areas and levels of PMESII expertise characterizing each specific actor defined
within the JTF command system. In turn, these matrix values are stochastically used by the
various knowledge creation tasks in the model to determine whether specific knowledge
elements of the overall JTF problem space are “recognized” during a given execution run of the
simulation model. The model analyst controls the degree of process variability or randomness by
specifying the standard deviation of the normal distribution function used in this stochastic
process. Finally, the model analyst can specify the available time allowed for this cognitive
recognition process—i.e., deliberate versus expedient—by adjusting the recognition threshold
value used in this stochastic process.
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Figure 26 System of Systems Mode! Representation in Project Gnosis

Social System Representation First-order representation of the social system includes the
detailed specification of which actors contribute their individual knowledge to each knowledge
creation task defined within the overall JTF planning process. The assignment of actors to
specific steps in the planning process is based on a nominal definition and composition of the
various boards, working groups, and cells defined within the JTF command system. The nominal
definition and composition of planning boards, working groups, and calls is based on a review of
Joint and Service literature available at the time of this project. In some cases, the project
discovered inconsistencies across this literature regarding the location and composition of these
communities of interest. Reconciling these inconsistencies remains the responsibility of the Joint
and Service commands. For the purpose of this project, it was assumed that both Joint and
Service personnel would collaboratively contribute to the JTF planning process and that this
process would be integrated across a networked command system.

For modeling purposes, it was assumed that certain actors would be designated as “primary”
while other actors would be designated as “supporting.” Each knowledge creation task is initially
executed with only primary actors. Task output is then compared in the model against the “ideal
plan” based on perfect PMESII knowledge. If the level of “missing knowledge elements”
exceeds a certain threshold (specified by the model analyst), the task is re-executed with both
primary and supporting actors. By adjusting the threshold value, the model analyst can account
for different management oversight policies—e.g., deliberate versus expedient—within the JTF
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planning process. Actor availability is determined as a function of current workload and
scheduled availability of each actor (analyst input). In addition, the model analyst specifies the
actor rank and a set of six collaboration obstacle factors for each actor. Specification of these
social process variables determines the relative ability of each actor to effectively contribute their
individual knowledge in a given planning task. Finally, the model analyst can specify through the
type of collaboration process defined for each knowledge creation task —authoritative, inclusive,
democratic, or hybrid. The mode of collaboration, together with actor rank and the set of
collaboration obstacle factors, determines the manner in which individual knowledge is
combined to produce group consensus knowledge in each planning task.

Organizational System Representation  First-order representation of the organizational system
includes the detailed definition and sequencing of the specific knowledge creation and vetting
tasks defined within the JTF planning process. The nature and sequence of these tasks are
specified in the model design architecture and are not subject to modification by the model
analyst. The nominal definition of the task sequence comprising the JTF planning process is
based on a review of Joint and Service literature available at the time of this project. In some
cases, the project discovered redundant knowledge creation tasks across the different Joint and
Service headquarters described in this body of literature —i.e., the same tasks were described as
being performed at both a JTF headquarters and a component command headquarters.
Reconciling these redundancies remains the responsibility of the Joint and Service commands.
For the purpose of this project, it was assumed that a single planning process would be executed
with each headquarters contributing across a networked command system. This planning process
serves to produce the baseline ETO that is passed down to the component commands for
execution. The ETO contains a prioritized set of node mission packages that are assigned—by
node mission type—to each component command.” In effect, this node mission package list
represents the Joint Prioritized Target List (JPTL) that would be produced by the JTF command
system.

Execution of the JPTL is governed by the component command task sequences that are
incorporated into the model architecture. These tasks are not subject to modification by the
analyst. The number of execution cycles required to accomplish the prioritized set of node
mission packages reflected in the JPTL depends upon two additional model inputs. The first of
these model inputs consists of the engagement resources allotted daily to each component
command (specified by the model analyst). The execution task sequence assigns resources
according to node mission package type and priority. Typically, several execution cycles will be
" required to fulfill the entire set of node mission package nominations included in the JPTL.
Mission outcomes are stochastically determined (modeled only at the level of mission success or
failure), based on the likelihood of available intelligence and weaponeering effects (model
input). Unsuccessful missions are re-nominated and placed back on the JPTL for consideration in
future execution cycles. This process continues until either (1) all node mission package
nominations have been successfully executed or (2) the component commands have exhausted
their engagement resources. The second type of model input reflects the time-sensitive target
(TST) nominations assumed to be generated by a TST Cell within the JTF command system (not
represented in detail in the mode architecture). These targets are represented as high priority

* The component commands reflected in the model architecture include the Joint Force Air Compoﬁent Command,
the Joint Force Land Component Command, the Joint Force Maritime Component Command, the Joint Special
Operations Task Force, and the Joint Interagency Coordination Group.
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node mission packages that divert engagement resources away from other preplanned missions
during a given execution cycle.

Operational System Representation First-order representation of the operational system
includes the specification of the JTF problem space in terms of National Command Authority
objectives, desired strategic endstates, centers of gravity, supporting PMESII functions, and node
mission packages ideally associated with an operational campaign. For this project, the problem
space was depicted as a four-phase operational scenario that included (1) setting conditions, (2)
initial forced entry, (3) decisive operations, and (4) stability and reconstruction. The elements
comprising this problem space are notional, but considered representative of the breadth of
elements addressed in recent operational campaigns such as Operation Iraqi Freedom. Within the
overall model architecture, definition of the JTF problem space provides the structural template
for building the knowledge association matrices associated with each simulated actor. That is,
the cells within the staff actor knowledge matrices uniquely correspond to the relationships
perceived to exist between specific knowledge elements at each level of the JTF problem space.
As noted earlier, this structure is considered from an “ideal world” perspective, whereas the cell
values specified by the model analyst in each matrix reflect the imperfect knowledge of the

actors.

The present model architecture allows for the modification of this scenario (i.e., the addition or
deletion of specific knowledge elements); however, the model analyst must take considerable
care to insure that any changes are consistently reflected in the knowledge matrices defined for
each actor. Since modifying the knowledge matrix templates can be a tedious undertaking (and
one that requires a good understanding of the model’s software architecture), it is likely that the
model analyst will chose to employ a fixed scenario over the course of an analytic investigation.

In terms of executing the ETO, the resulting JPTL produced by the simulated JTF command
system corresponds to the structure defined in the JTF problem space. Based on the various
factors influencing the organization’s ability to bring appropriate staff expertise to bear in the
planning process, the JPTL will likely only partially address this problem space. That is, the
imperfect knowledge of specific actors will combine with the host of collaboration obstacles and
other factors to create gaps and errors in the shared understanding and intent created by the
simulated planning process. Gaps will be reflected in the failure of the JPTL to identify specific
node mission packages for execution. Errors will be reflected in the inadvertent inclusion of
restricted nodes in the JPTL. Together, measurement of these gaps and errors (with respect to the
“ideal world” campaign plan designed by the model analyst in the construction of the JTF
problem space) will provide the basic means for assessing JTF command system performance.

Limitations of the Operational System Representation  As noted earlier, Project Gnosis did
not address complete representation of the operational system. While the model architecture
provides for the basic execution of an ETO by component commands, there are a number of
acknowledged shortcomings in the present simulation model. The present modeling project was
envisioned as a proof-of-principle research effort designed to show how actionable knowledge is
collaboratively constructed within an organization involving scores of experts each holding
unique areas of knowledge, a specific sequence of planning tasks that combines these actors
within an overall planning rhythm, and a specific set of collaboration obstacles that influence the
performance of this planning rhythm. Many other aspects of sensemaking remain to be addressed
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in terms of how they might be effectively represented in an analytic model. Summarized below
are the major areas of limitation identified during Project Gnosis:

« The actual state of the battlespace is not explicitly represented in the present simulation
model. Rather, the model keeps track of only successful and unsuccessful mission executions.
Successful mission executions are presumed to produce an intended effect on specific
battlespace nodes, whereas improperly vetted missions are presumed to produce various types
of unanticipated negative consequences. The details of these operational effects are not
explicitly portrayed in the present simulation model. It is envisioned that such detail might be
handled in a separate combat simulation model, and that this combat model would be
integrated with the present work in a future confederation of interoperable simulation models.

« The process of building situation understanding through the analysis and synthesis of
battlespace sensor data and intelligence reports is not explicitly represented in the present
simulation model. Such a process would serve to continuously update and refine the JTF
problem space as new aspects of the battlespace became better understood. It is also
acknowledged that representation of this aspect of sensemaking would focus greater attention
on the specific details of information flow within a JTF command system. Rather, the present
model is limited by a fixed JTF problem space that is assumed to have been constructed with
prior intelligence. It is envisioned that future research might extend the present work to
address the process of dynamically updating and refining the staff actors’ understanding of the
JTF problem space.

« The process of staff learning is not addressed in the present simulation mode. Here, staff
learning is considered to be the process by which the individual staff knowledge matrices are
updated to reflect participation in the different community of interests defined within the JTF
command system. For example, one strategy might be to replace each staff actor’s individual
knowledge matrices with the group consensus matrices that are constructed during the
different planning tasks. Updating individual staff actor matrices in this fashion presumes that
the individuals learn from and adopt the group consensus knowledge that is built during the
planning process. Staff actors would then benefit from this learning by being able to apply the
updated knowledge matrices in future planning tasks. Since the present model architecture
does not provide for a series of repeated planning tasks, the issue of staff actor learning is a
mute point. It is envisioned that future research might extend the present work to address the
mechanisms and implications of such learning.

o There are many other aspects of planning within a JTF command system—e.g., logistics
planning, personnel planning, command and control planning, and so forth—that are not
addressed in the present simulation model. It is acknowledged that these activities constitute
important areas of JTF and Service staff functioning and that they would have a significant
impact on overall operational effectiveness. It is further acknowledged that their
representation might use many of the same constructs already included in the present model.
However, they were considered to be beyond the scope of the present proof-of-principle
research.
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MODEL SOFTWARE

The resultin% model architecture was translated into executable software by Micro Analysis &
Design, Inc.” (MA&D), using the Micro Saint Sharp© (MS#) programming environment. The
executable software runs on a desktop PC and a typical model run requires several minutes to
complete, depending upon the speed and memory of the PC and various options set within the
model input data. To assist the analyst in running the simulation model, a complete User’s Guide
is provided as a separate document from this technical report. The user guide describes the
general software architecture of the simulation model; the graphical user interface for setting
input parameters; a summary of the model output reports available to the analyst; a detailed
description of the model software objects, variables, functions, events, and knowledge matrices;
and a summary of the task network comprising the JTF planning and execution sequence. A brief
description of these elements is presented below.

General Software Architecture

While the software was developed within the MS# modeling environment, the complexity of the
knowledge creation representations required the development of a customized plug-in—or
Dynamically Linked Library (dll}—that contained a number of customized data structures,
algorithms, and user interface options. This GNOSIS.dll is loaded prior to model execution and
enables the user to easily access and modify those input parameters commonly adjusted between
model runs. Other model input data—e.g., scenario data describing the JTF problem space—is
entered via MS# scenario events. Two files are necessary to maintain and run the model: the
GNOSIS.dIl file just discussed and the MS# model file. The MS# model file can be saved by the
analyst to preserve specific changes in the input data for future runs. Modeling convention
suggests that these saved files should be uniquely labeled using the following type of naming
format: “GNOSIS_modeldate_Master.saint”, where modeldate is the date on which the changes were
created by the analyst. As a precaution, the GNOSIS.dIl plug-in allows the analyst to restore the
model input parameters to their original default state defined within the current project.

Graphical User Interface

A customized graphical user interface (GUI) is provided to facilitate modification of the more
commonly varied input parameters. These parameters appear to the analyst in tree view form, as
illustrated in Figure 27. Each of the tree branches can be expanded to allow access to five

subdirectories of input parameters:

« Working Groups This includes the assignment of specific staff actors to each of the defined
communities of interest (working groups) within the simulated JTF command system.

o Actors This includes the specification of staff actor attributes that include staff actor
rank, the unique collaboration obstacle factors for each actor, and the definition of the
knowledge matrices for each actor.

* Just prior to the completion of Project Gnosis, Micro Analysis & Design was incorporated as an operating division
of Alion Science & Technology Corporation.
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GNOSIS Tree View
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Figure 27 GNOSIS Tree View of Input Parameters

« Knowledge Matrix Templates This includes the specification of the knowledge matrix

indices used for defining the actor knowledge matrices.®

Scenario Phases  This includes the specification of the tree structure of knowledge elements
defining the JTF problem space that extends from the high level NCA Objectives down
through the low level Node Mission Packages.” The current scenario configuration includes
four phases: (1) setting conditions, (2) initial forced entry, (3) decisive operations, and (4)
stability and reconstruction.

Model Settings ~ This includes a variety of miscellaneous settings required for each model
run, including the Knowledge Threshold (sets the “detection” threshold used with the
knowledge matrices), Knowledge Collaboration Variability (sets the standard deviation of the
normal distribution function used to generate specific instances of the knowledge matrices),

* Knowledge Threshold Gap (required percentage of knowledge elements to be identified,

below which the model triggers a second execution of a knowledge creation task), Task Time
Factor (value used to set task completion time), Phases to Execute (specifies which phases of
the operational scenario to include in a given model run), Use Perfect Knowledge (sets all
knowledge matrix values to 1.0 for a given model run), and Run Tactical (specifies whether or
not to include the Tactical Execution portion of the model in a given model run). ‘

¢ The analyst is cautioned against making changes to the knowledge templates unless they possess a detailed
understanding of how these templates affect the construction and use of the staff actor knowledge matrices in the
model.

7 The analyst is cautioned against making changes to the knowledge element tree structure unless they possess a
detailed understanding of how this tree structure shapes other required model input.
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Model Output Reports

The model provides three types of output that may be specified by the analyst. During model
execution, the MS# modeling environment provides for a string of Print Qutputs that are written
to describe the state of specific constructs and the output of specific tasks as they are performed.
This output listing can be quite long, can significantly slow model execution speed, and is
typically used for diagnostic and debugging purposes. The analyst has the option of turning off
much of this output. A more useful form of output report is the set of specific Snapshots that can
be generated and stored in a file for later export (e.g., to MS Excel©) and analysis. These
snapshots capture and summarize important data for each knowledge creation task, the
operational value computation tasks, and the Node Mission Package execution results in a given
model run. A list of snapshot report types available to the analyst are summarized in the User’s
Guide. They address such details as actor participation, knowledge element recognition and
prioritization within the produced ETO, the progress of executing the ETO, sortie resource
allocations, and various other details that allow the analyst to investigate the impact of various
cognitive and social factors on JTF command system performance. More importantly, the analyst
can specify for each model run which of the snapshot reports to produce —thus providing both
analytic flexibility and the ability to control model execution time. A third type of model output
is reflected in the knowledge animation displays that can be viewed during model execution.
This type of plug-in allows the analyst to expand the JTF problem space tree structure and track
the status of various knowledge elements during model execution. Circular icons adjacent to
each knowledge element in the tree structure will change status color as they are either
unprocessed (blue), recognized by the staff actors (green), overlooked by the staff actors (red),
and/or restricted on the basis of rules of engagement (yellow). Such a display provides a visual
indication of the knowledge creation patterns within the JTF planning rhythm as it unfolds.

GNOSIS Model Objects, Variables, Functions, Events, and Knowledge Matrices

The MS# modeling environment facilitated construction of the simulation model in terms of the
latest state-of-art object-oriented programming techniques. In addition to the GNOSIS.dIl plug-in
described above, the resulting software code incorporates a variety of data constructs and
algorithms that are described in detail in the User’s Guide. These features include

« Model Objects — custom-designed software objects (groupings of related data) that can be
treated as variables throughout the simulation model,

« Model Variables — various types of strings, hash tables, Boolean tables, and arrays that
represent different types of constructs within the simulation model,

o Model Functions — various types of customized algorithms that perform different
computational operations on the defined variables throughout the simulation model,

« Entity Attributes — sets of defined attributes that are used to track the dynamic status of
missions, actors, and other entities represented in the simulation model,

 Scenario Events — a set of called functions used to initialize model variables at the beginning
of each run, and

32



« Knowledge Matrices — specifically defined arrays used in the simulation model to either (1)
represent the associational knowledge of individual staff actors or (2) globally represent the
state of knowledge construction at different stages in the JTF planning process.

The simulation mode] keeps track of thousands of data elements during the course of a single
model run. In terms of computational complexity, it is the most complex model yet constructed
in the MS# programming environment.

Micro Saint Sharp Task Network

The MS# programming environment was selected for use in Project Gnosis because it provides a
state-of-art capability for building task-based process simulation models. Using this modeling
environment, software engineers from MA&D translated the model architecture designed by
EBR into a Micro Saint task network. This task network can be viewed during model execution
through a series of hyperlinked network graphs. The top-level network diagram is depicted in

Figure 28.
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Figure 28 Micro Saint Task Network

By double clicking the mouse cursor on a specific task box, the analyst can open a new window
that expands a detailed view of the steps and procedures contained in the selected task. By

% Based on programmer comments provided by Micro Analysis & Design.
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successively doubling clicking on these displays, the analyst can drill down to the actual
software code underlying the task network. This potentially allows the analyst to edit any portion
of the Micro Saint task network; however, it is strongly cautioned that changes to the model
software code should be undertaken only by someone deeply familiar with the model

architecture.

EMPLOYING THE MODEL AS AN ANALYTIC TOOL

Having described the conceptual design and software implementation of the JTF command
system simulation model, the final section of this report discusses the use of this model for
investigating various types of systems engineering issues. The first part of this section presents
an overview of the types of analytic strategies that might be employed with the model. This is
followed by a brief illustration of the type of parametric model runs that can be made with the
model. A broad range of parametric investigations can be undertaken with the model, depending
upon the specific types of issues being studied and the imagination and creativity of the analyst.
The examples illustrated in this section reflect only a small sampling of what is potentially

possible.

ANALYTIC STRATEGIES FOR USING THE MODEL

Models such as the one developed in this project are a means of investigating certain issues
rather than an end unto themselves. Consequently, it is important to consider use of the model in
the broader context of an overall investigational strategy. For the study of knowledge creation
and management within an organization such as a JTF command system, this context potentially
addresses multiple levels and dimensions of systems analysis. A general depiction of these levels
and dimensions is illustrated in Figure 29.

COGNITIVE ANALYSIS SOCIAL ANALYSIS ~ ECOLOGICAL ANALYSIS

INDIVIDUAL
AS A SYSTEM

ORGANIZATION
AS ASYSTEM

ENVIRONMENT
AS A SYSTEM

Figure 29 Levels and Dimensions of Analysis
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As seen in this figure, the complexity of the knowledge creation and management process within
an organization provides the analyst with any number of areas within which to focus an
investigation. Each of these areas reflects different opportunities for system intervention and
performance improvement. The range of system interventions potentially of interest to the
analyst is depicted in Figure 30.

Systems Engineering Initiatives

Ecological Interventions
*Policy / doctrine changes

ORGANIZATIONAL
SENSEMAKING

sLeadership training
«Organizational training exercises
*Operations tracking procedures

*Sensors | reporting technology
4nformation mining technology

—

Collaboration Interventions
*Knowledge management training
*Collective staff tralning
«Collective statt procedures
-Personnel management policy
+Organization structural design
*Collaboration technology

logy
*Knowledge management technology

Cognitive Interventions
“Individual training
*Individual education
“Individual work procedures
*On-thejob work experience
-Display technology
*Decision support technology
<Knowledge bases

Level of Systems Analysis

Figure 30 Types of System Interventions

Depending upon the nature of the systems intervention envisioned—e.g., information
technology, personnel training, process reengineering—the analyst will likely center his attention
on a particular system level and dimension of analysis. At the same time, the analyst must
properly consider the broader context of how this process operates across other levels and
dimensions. These two competing factors—the need to focus on a limited set of intervention
variables while accounting for a host of other variables—reflects the motivation for Project
Gnosis. That is, the project was undertaken with the desire to address—at a first-order level of
detail—a broad range cognitive, social, organizational, technological, and ecological variables
and processes within the confines of a unified analysis. At the same time, it was acknowledged
that the analyst would likely be interested in examining the effects of only a limited number of
the variables at any given time.

A Simple Process Paradigm and a Myriad of Complex Interactions

The basic paradigm reflected in the current model is this: actionable knowledge is created by
bringing together both expertise and situational awareness in a purposeful and systematic
manner. Here, expertise is reflected in the specification of staff actor knowledge. Awareness is
reflected (to a degree) in the specification of the knowledge element hierarchy structure. The
manner in which these two elements are brought together in a purposeful and systematic manner
is reflected in the modeling of the planning task scquence and the modeling of staff actor
collaboration. Beyond this simple description, everything else is just a matter of detail. Yet,
while the model reflects a fairly simple process paradigm, the level of detail specified in the
model provides for the dynamic interaction of thousands of data elements. Thus, from a modest
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paradigm comes the potential for enormous complexity —so much complexity that the analyst
will find it difficult to keep track of all of these interactions and their influence on overall system
performance. Thus, a few words of caution are in order.

« Many different variables can affect a specific aspect of performance. For example, lowering a
specific staff actor’s level of expertise (i.e., reducing the actor’s association probability values
within a specific knowledge matrix) might or might not result in fewer knowledge elements
being recognized in a given model run. Factors that could actually increase the recognition of
knowledge elements include (1) other actors possessing equal or higher association
probabilities for the same knowledge elements, (2) the use of supporting staff actors in a
given knowledge creation task when the quality of the overall product drops below a specified
threshold, and (3) the failure of staff to earlier recognize a root branch within the overall
knowledge space that corresponds to the specific staff actor’s area of expertise —thus negating

his contribution altogether.

« Processes reflected in the model can combine in complex ways. For example, lowering one of
the collaboration obstacle factors for a specific actor might or might not result in fewer
knowledge elements being recognized in a given model run. One situation that could actually
increase the recognition of knowledge elements includes specifying a democratic
collaboration model that uses the numerical average of all participating actors —hence, when
an actor with medium or low knowledge is removed, other actors with higher knowledge are
afforded more influence. Another situation might involve the retriggering of a knowledge
creation task with additional supporting actors when the removal of a primary actor lowers the
quality of the knowledge product below a specified threshold.

« Stochastic processes within the model can produce performance variability. Thus, when the
model is specified to run with non-zero standard deviation values, the analyst will need to
assess performance on the basis of statistically analyzing multiple runs.

The complexity of the model represents a challenge for the analyst, requiring careful attention to
the construction of input data to insure that intended input changes and performance effects are
isolated and not confounded by other aspects of the model. While this can be frustrating for those
who do not possess an intimate and detailed understanding of the model architecture, such
complexity is nevertheless a reflection of cognition and social interactions in the real world. At
its heart, the study of knowledge creation and management on the scale of an entire organization
is a complex and tedious undertaking.

Analytic Avenues

To help analysts in employing this model, the following guidance has been developed regarding
the organization and specification of input data. This guidance reflects a number of “analytic
avenues” that describe how different types of systems engineering issues might be addressed
parametrically through different aspects of model input. This guidance is illustrated in Figure 31.
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Figure 31 Exploring Different Systems Engineering Issues with the Project Gnosis Model

Given the complexity of the model and the potential for one set of input changes to interact with
other changes, the analyst is strongly cautioned to approach each series of model runs in a
careful and systematic manner. It is also recommended that any analysis employing this model
begin by examining the effects of different changes in an isolated fashion. After the influence of
each change on model behavior is understood, then the analyst can proceed to examine multiple
changes in combination with one another.

PERSONNEL EXPERIENCE AND STABILITY - ILLUSTRATING REAL WORLD
ISSUES

The effective translation of high-level strategic objectives into actionable knowledge in the form
of a prioritized node mission package list requires the availability and effective integration of
relevant expertise. This expertise must span across the political, military, economic, social,
information, and infrastructure dimensions of the battlespace and include the required
capabilities for building each knowledge level of the JTF problem space. Several factors can
serve to obstruct this process, including the lack of experience with the type of dimensions and
elements relevant to the operational campaign and the lack of social acceptance or trust of those
possessing the requisite experience.

As noted in a 1999 Special Report by the US Institute for Peace, there is a recognized need for
training officers to deal with the specific problem set of peace operations. (Olsen & Davis, 1999)
Specifically, this report—based on experience in Bosnia—noted that “’Just-in-time training will
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not always work unless there is the foundation upon which to build. According to General Meigs,
the army faces a major challenge: ‘The army has a wonderful ability to adapt to a crisis, but we
have to be better than that and adapt to the environment before the crisis hits, because in the
twenty-first century, the crisis may be so different that you will not be able to adapt quickly
enough. Just having good soldiers isn’t going to cut it.”” This report concluded that “Greater
emphasis must be placed on geopolitical and cultural training for the army’s officer corps.” In
short, it emphasized the need for expertise across each of the PMESII dimensions of the

battlespace.

A similar theme was echoed six years later during Operation Iraqi Freedom. In a 2005
memorandum report for the Senate Foreign Relations Committee, General (retired) Barry
McCaffrey identified a number of vulnerabilities in the Joint command system overseeing
operations in Iraq. (McCaffrey, 2005) Specifically, he noted a continued under-manning and too
rapid turnover of State Department inter-agency representation in Iraq. In addition, he cited the
lack of continuity of strategic and operational leadership as being problematic. This theme was
again repeated in his 2006 academic report to the US Military Academy where he cited the
continued problem of marginally qualified and inadequately experienced personnel in the area of
interagency planning and support. (McCaffrey, 2006)

Personnel rotation is thought to be another endemic issue in the effective functioning of a Joint
command system. As noted in the Phase I report of this research project (Leedom, 2004), the
learning curve for personnel assigned within a Joint Task Force headquarters is very steep. Once
the skills and knowledge are acquired, however, two factors contribute to the challenge of
maintaining them over time: personnel shortages and the lack of Joint training opportunities.
Service personnel rotations in some headquarters can be as short as 90 days, thus creating an
obstacle to effective social collaboration within and across functional areas in a headquarters

planning staff. (Kelly & Andreasen, 2003)

Summarizing these various reports and articles, one concludes that an often overlooked aspect of
JTF command system design is personnel experience in the relevant dimensions of the
operational campaign and personnel stability which influences the formation of social networks
and effective communities of interest. Accordingly, it was decided that this set of issues would
provide an appropriate context for illustrating some of the model capabilities developed within

Project Gnosis.

PARAMETRIC EXAMINATION OF EXPERIENCE AND STABILITY ISSUES

In order to examine the impact of personnel inexperience and social network immaturity on the
overall performance of the JTF command system, two sets of parametric runs were identified. In
the first set of runs, the overall knowledge level of the senior JTF staff members was
parametrically lowered from the values established in the baseline scenario. In a second set of
runs, the social currency values of two key political and social knowledge players were varied
during the stability and reconstruction phase of the scenario. In each case, the model was used to
examine the impact of these types of changes on the quality of the Effects Tasking Order
produced by the simulated JTF command system.
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Baseline Scenario and Model Input

The baseline scenario and model input considered for these series of parametric model runs is
based on a hypothetical four-phase military campaign (introduced earliet in this report and
described in detail in Appendix A). Expression of this scenario in terms of an ideal world JTF
problem space was developed using experienced operational judgment to establish the
representative Strategic Endstates, Centers of Gravity, PMESII Functional Elements, and Node
Mission Packages. Likewise, the ideal world linkage of these knowledge elements was based on
experienced operational judgment. Given the unclassified nature of the model and database, no
attempt was made to calibrate this data with current real-world operations. However, it is
believed that the resulting hierarchical set of linked knowledge elements forming the framework
of the database reflects face validity.

Similarly, the defined characteristics of the JTF staff actors simulated within the model were
developed using experienced operational judgment (Appendix B). In general, staff actor
definitions correspond to a notional Joint Task Force Headquarters design that has been
supplemented with additional expertise from the subordinate component commands and other
reach-back agencies. The particular areas and levels of PMESII knowledge assigned to each staff
actor are considered representative of the nominal type of staff officer that might be assigned in
such a position. However, within the current project, no attempt was made to empirically
calibrate these knowledge estimates with specific individuals. Such an undertaking would be the
focus of a separate effort, depending upon the focus and scope of the systems engineering issues
being investigated. As with the scenario knowledge elements, it is believed that the baseline staff
actor definitions reflect a level of face validity, based on experienced operational judgment.

All of this being said, the reader is cautioned against attaching too much significance to the
absolute performance results achieved with each model run —i.e., interpret them as absolute point
estimates of performance for some future JTF Command System. Rather, the reader is
encouraged to focus attention on the relative comparisons of performance across related sets of
model runs. As with most types of modeling efforts, the focus of these illustrations is the
investigation of model sensitivity, not its ability to predict future point estimates of real-world
performance.

Reduction of Staff Experience Level

In this first set of parametric model runs, the association strength values defined in each of the
staff actor knowledge matrices were systematically reduced to 75 percent and 50 percent of their
baseline scenario levels. As described earlier, the reduction of these values make it less likely
that a staff actor would recognize valid linkages between the various knowledge elements in the
JTF problem space, as defined by the ideal world structure reflected in the input scenario. As
these staff actors participate in the different knowledge creation tasks, their failure to recognize
specific linkages would have the effect of dropping key elements at each level of the knowledge
element hierarchy. Thus, as more elements are dropped, the resulting Effects Tasking Order
becomes less and less complete. The primary knowledge creation tasks affected by this
parametric change include the following:

o Task 1-3 Identify specific Strategic Endstates that reflect each National Command
Authority Objective (conducted by the staff actors participating in the Joint Coordination
Board)
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« Task 1-4 Identify specific Centers of Gravity that must be influenced to achieve each
identified Strategic Endstate (conducted by the staff actors participating in the Core Joint

Planning Group)

« Task2-1 Identify the specific PMESII Functional Elements supporting each identified
Center of Gravity (conducted by the staff actors participating in the Core Joint Planning

Group)

Results of these model runs for each of the scenario phases are shown in Figures 32-35.
Illustrated in each of the figures is the top portion of the JTF problem space, depicted in terms of
the ideal world knowledge elements that comprise the scenario. These elements are arranged in
hierarchical form from left to right, beginning with the National Command Authority Objectives
as they are decomposed into the associated Strategic Endstates, Centers of Gravity, and PMESII
Functional Elements. By following each chart from left to right, it is possible to trace the specific
linkages and recognitions that would be expected to be recognized in an ideal world state. Also
depicted in each figure are those Centers of Gravity and PMESII Functional Elements actually
recognized by the simulated JTF staff actors across the different parametric cases. [Note: A gray-
shaded box indicates that a particular Center of Gravity or PMESII Functional Element was
successfully recognized and included in the Effects Tasking Order, based on the staff actors’

knowledge of those specific linkages.)

A review of each of these figures illustrates the effect of systematically lowering staff actor
knowledge —i.e., the association strength values defined in each of the staff actor knowledge
matrices were parametrically reduced to 75 percent and 50 percent of their baseline scenario
levels. A corresponding reduction in the number of Centers of Gravity and PMESII Functional
Elements for each case is also seen across the set of figures. Instances where additional elements
are being picked up as staff actor knowledge decreases would appear on the surface to be a
counterintuitive result. However, it must be remembered that the model logic allows the analyst
to set a threshold limit for each knowledge creation task. When the number of knowledge
elements recognized by the primary staff actors drops below this specified threshold for a given
task, the model assumes that the task would be re-executed with the addition of supporting staff
actors. In some instances, the addition of these supporting staff actors increases the ability of the
JTF command system to recognize a greater number of knowledge elements.

Another way to compare these different cases is to compute the “operational score” reflected in
the different Effects Tasking Orders —an arbitrarily scaled value used to compare parametric
cases, but which has no literal meaning in the real-world. Here, the concept of “operational
score” is computed by summing the assigned operational value of each set of recognized Centers
of Gravity or PMESII Functional Elements —i.e., a higher score indicates that the simulated set of
staff actors were able to successfully identify a more significant fraction of the overall JTF
problem space defined in the baseline scenario. At the level of Center of Gravity recognition, the
staff actors in the baseline model recognized 90.7 percent of the operational value defined in the
ideal world JTF problem space. When staff actor baseline knowledge in the Joint Coordination
Board and Core Joint Planning Group was reduced to 75 percent of the baseline value, the
simulated staff actors were able to recognize only 55.1 percent of the operational value defined
in the ideal world JTF problem space —or 60.8 percent of the baseline performance. Similarly,
when staff actor baseline knowledge in the Joint Coordination Board and Core Joint Planning
Group was reduced to 50 percent of the baseline value, the simulated staff actors were able to
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recognize 53.1 percent of the operational value defined in the ideal world JTF problem space —or
58.5 percent of the baseline performance. As seen from Figures 32-35, further reductions in staff
actor knowledge are being partially offset by the model’s logic that triggers the re-execution of
certain knowledge creation tasks with secondary actors whenever the overall quality of the

simulated knowledge product produced by the primary actors drops below a specified threshold.
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In summary, the model results provide insight into the type of performance degradation that
might be expected when the operational planning is conducted by a less experienced senior staff.
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The fact that the resulting reduction in recognized knowledge elements was not proportional to
the parametric reductions in actor association strengths is a reflection of the model’s inherent
complexity. That is, the model logic allows a secondary set of supporting actors to re-execute the
critical knowledge creation tasks when the initial results fall below a specified threshold. The
unequal distribution of expertise across the set of actors regarding each area of the scenario (see
Appendix B) adds further complexity to this process, producing the specific results seen in
Figures 32-35.

Reduction of Staff Actor Social Currency

In the second series of parametric runs, adjustments were made to the knowledge matrices of the
various staff actors so as to give the Political-Military (POLMIL) Planner and Stability
Operations (STO) Planner uniquely high knowledge of those knowledge elements considered
political or social in nature. That is, the POLMIL Planner’s knowledge of political elements was
set to a very high association value, while all other staff actors were correspondingly set to very
low association values. The one exception made in this case definition was with respect to the
“Ambassador” staff actor who was given high knowledge of the “PVO/NGO Synchronization”
Strategic Endstate. Similarly, The STO Planner’s knowledge of social elements was set to a
very high association value, while all other staff actors were correspondingly set to very low
association values. Then, a series of runs were executed wherein the POLMIL Planner and STO
Planner’s social currency factor was parametrically varied over the values of 1.0, 0.7 and 0.3. In
effect, the lowering of each actor’s social currency value would reduce the likelihood that they
would be allowed to effectively participate in specific planning tasks. The primary knowledge
creation tasks affected by this parametric change include the following:

« Task 1-3 Identify specific Strategic Endstates that reflect each National Command
Authority Objective (conducted by the Joint Coordination Board which includes the POLMIL
Planner as a supporting member, but does not include the STO Planner)

o Task 1-4 Identify specific Centers of Gravity that must be influenced to achieve each
identified Strategic Endstate (conducted by the Core Joint Planning Group, which includes the
POLMIL Planner as a primary member and the STO Planner as a supporting member)

» Task2-1 Identify the specific PMESII Functional Elements supporting each identified
Center of Gravity (conducted by the Core Joint Planning Group, which includes the POLMIL
Planner as a primary member and the STO Planner as a supporting member)

« Task 3-1 Identify the specific Node Mission Packages that are targeting against each
identified PMESII Functional Element (conducted by the Joint Fires and Effects Working
Group, which includes the POLMIL Planner as a primary member, but does not include the
STO Planner)

Results of these model runs are illustrated in Figure 36, where again the gray-shaded boxes
indicate which knowledge elements were recognized as part of the Effects Tasking Order by the
simulated set of staff actors. The base case represents the situation where the social currency of

the POLMIL Planner and STO Planner was set to 1.0. The next two columns for each level of
knowledge element represent the situation where the social currency of the POLMIL Planner and

STO Planner was set to 0.7 and 0.3, respectively. For this set of model runs, the analysis looked
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only at Phase IV, Stability and Reconstruction, since this was the operational phase where
political and social knowledge elements existed in significant numbers.

Examination of these comparative results illustrates the complex nature of the simulation model
developed in this project. If one were to simply compare these cases on the basis of total
operational value reflected in the overall Node Mission Package list, the reduction of POLMIL
Planner and STO Planner social currency from 1.0 down to 0.7 and 0.3 would see only a 2.1
percent and 5.6 percent drop in operational value, respectively.” Such a comparison yields little
insight into the truly significant impact of varying this type of collaboration factor for two key
staff actors. Rather, one must examine the specific changes brought about in the Effects Tasking

Order by this type of factor.

For example, the entire block of knowledge elements falling under the “Restrain Disruptive
Agents” Strategic Endstate remained unrecognized because neither the POLMIL Planner nor the
STO Planner were primary members of the Joint Coordination Board that is responsible for
identifying Strategic Endstates. Because all of the other staff actors participating in this task were
given low knowledge of this Strategic Endstate, this entire branch of the JTF problem space
remained unrecognized. As part of the model input, the POLMIL Planner and STO Planner were
given uniquely high knowledge of many of the Centers of Gravity, PMESII Functional Elements,
and Node Mission Packages that fall within this branch of the problem space. However, because
of the Joint Coordination Board’s failure to recognize the “Restrain Disruptive Agents” Strategic
Endstate, the POLMIL Planner and STO Planner were not given the opportunity to expand this
part of the JTF problem space.

The effect of reducing the social currency of the POLMIL Planner can be specifically seen with
regard to the “PVO/NGO Projects” PMESII Functional Element and the corresponding “Project
Coordination” Node Mission Package. As the social currency of this staff actor was lowered to
0.7 and beyond, the actor no longer participated in either the Core Joint Planning Group or the
Joint Fires and Effects Working Group. Since other staff actors participating in these knowledge
creation tasks did not have high knowledge of these elements, they remained unrecognized in the

Effects Tasking Order.

® The ideal world operational value reflected in the set of Node Mission Packages identified for Phase IV of the
operational campaign is 1005.86 —a somewhat arbitrarily scaled value that is based on the operational scores
assigned to each knowledge element within the JTF problem space, and a number that has meaning only with
respect to the baseline reference value. Giving the POLMIL Planner and STO Planner uniquely high political and

suuial knowledge, respectively, yiclds a recognized operational value ecore of 817.11 when their social currency is
set to a value of 1.0. Lowering this value to 0.7 and 0.3 produces a recognized operational value score of 800.31 and
770.31, respectively. These numbers, in themselves, do not provide much insight into the focused impact of
removing these two staff actors from the Effects Tasking Order creation process. Greater insight is achieved by
examining the specific areas in which the staff fails to recognize key elements of the JTF problem space.
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Figure 36 Results of Parametrically Reducmg Social Currency of POLMIL Planner and STO Planner
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Similarly, as the social currency of the STO Planner was lowered to 0.3, this staff actor no longer
contributed to the Core Joint Planning Group —thus resulting in the “Civil Population Support”
PMESII Functional Element remaining unrecognized with respect to the “Insurgency Attack
Sites” Center of Gravity. Because the STO Planner is not a member of the Joint Fires and Effects
Working Group, this group was unable to recognize the “Local Neighborhood” Node Mission
Package associated with the “Civil Population Support” PMESII Functional Element for any of

the three model runs.

In summary, the second set of model runs illustrate one possible way in which personnel
instability of two key staff actors might effect specific parts of the Effects Tasking Order. Unlike
the first series of model runs, the effects of changing the social currency of the POLMIL Planner
and STO Planner are not widespread across the JTF problem space. That is, they are more
isolated and focus along a specific dimension of the operation —e.g., dealing with (1) the effect of
insurgency attacks and non-violent spoiler activities on the local civilian population and (2) the
coordination of Private Voluntary Organization (PVO) and Non-Government Organization
(NGO) activities with military operations. Yet, as demonstrated in recent real-world operations,
the failure of a Joint or Coalition command system to effectively deal with these aspects of an
operational campaign can prove significant over the long run. Hence, it is important that the
subtle effects of personnel instability be thoroughly studied.

SUMMARY

The goal of Project Gnosis was the initial proof-of-principle development of a new generation of
simulation models that would be capable of analytically addressing multiple facets of the
sensemaking and knowledge management process that occurs within a military command and
control system. To that end, the present model allows the analyst to examine the impact of
various cognitive, social and—to a limited extent—ecological variables on the ability of a JTF
command process to produce and execute an Effects Tasking Order. As with a real-world
military command and control system operating in a modern PMESII problem space, the
simulated planning and execution process reflects the complex interaction of thousands of
constructs and processes. Although the underlying logic of the model architecture is relatively
straightforward and transparent, our limited experience with this type of simulation model in the
present project has revealed its use to be challenging. Various sets of cognitive and social
variables and constructs embedded within the model can interact in sometimes surprising ways
to either enhance or degrade knowledge creation performance. Yet this is merely a reflection of
the same complexity faced by analysts in studying real-world phenomena. Accordingly, great
care must be taken in both defining the types of systems engineering issues to be addressed and
the manner in which these issues are reflected in the myriad of data input required for each

model run.

In this regard, this final section of the report has suggested a number of “analytic avenues” along
which the analyst can use the model to address certain types of systems engineering issues. Yet
this guidance must be supplemented with the analyst’s experience in running the model -
experience that reveals critical model sensitivities and limitations. Thus, caution must be raised
against the notion that the model can be employed by the casual user 10 generate a quick or
simple set of parametric analyses. Like with any complex simulation model, the use of this

48




model requires a committed set of analysts who can dedicate the time and attention needed to
become intimately familiar with the model’s workings.

The two series of parametric runs illustrated in this final section of the report are but a small
sampling of the studies that could be undertaken with the model, depending upon the interests of
the analyst. Like any complex simulation model, the present model is an analytic tool, not an
answer to a specific systems engineering question. Consequently, the validity and quality of the
insight achieved with the use of this model depends entirely upon the skill of the analyst to (1)
develop valid input parameters from real-world observations and experience, (2) calibrate these
input parameters with the analytic assumptions and algorithms embedded within the software,
(3) form the input parameters into a cohesive “case representation” that is consistent with the
model architecture, and (4) properly interpret the model output to reflect the type of insight
appropriate for addressing a specific systems engineering issue.

Finally, it is acknowledged that the present model is by no means a complete representation of
the process by which actionable knowledge is produced by an organization in the real world.
Much research remains for the future to explore and refine other aspects of sensemaking and
knowledge management. Project Gnosis is the beginning of but a very long journey to address
the cognitive, social, and ecological dimensions of this process in a systematic and analytic
manner. It has, however, demonstrated the feasibility and utility of such an undertaking. To that
- end, the present research study serves as both a milestone for the present and a direction sign for
the future.

49




REFERENCES

Eggleston, R.L. (2005); AOC Processes (PowerPoint slides obtained from author). Wright-
Patterson Air Force Base, OH: Air Force Research Laboratory.

Department of the Army. (2003). Mission Command: Command and Control of Army Forces.
FM 5-0. Washington, DC: Hq Department of the Army.

‘Department of the Army. (2005). Army Planning and Orders Production. FM 6-0. Washington,
DC: Hq Department of the Army.

Hintzman, D.L. (1986). “Schema abstraction” in a multiple-trace memory model. Psychological
Review, Vol. 93, No. 4. pp. 411-428.

Honoré, R.L. (2002). Battle command. Military Review, Sept-Oct 2002. pp. 10-15.

Joint Chiefs of Staff. (2002a). Joint Doctrine for Campaign Planning, Joint Publication 5-00.1
(25 January, 2002).

Joint Chiefs of Staff. (2002b). Joint Doctrine for Targeting, Joint Publication 3-60 (17 January,
2002).

Kelly, T.L. & Andreasen, J.P. (2003). Joint fires: A BCD perspective in Operational Iraqi
Freedom. Field Artillery, Nov-Dec, 2003. pp. 20-25.

Leedom, D.K. (2004). The Analytic Representation of Sensemaking and Knowledge Management
within a Military C2 Organization, AFRL-HE-WP-TR-2004-0083. Wright-Patterson AFB,

OH: Air Force Research Laboratory.

Leedom, D.K. & Eggleston, R.G. (2005a). The simulation of sensemaking and knowledge
management within a joint effects-based planning system. 10" International Command and
Control Research and Technology Symposium, McLean, VA, 13-16 June 2005.

Leedom, D K. & Eggleston, R.G. (2005b). Modeling the construction of actionable knowledge
within an effects-based targeting process. Analytic Support to Defense Transformation,
RTO-MP-SAS-055, Norfolk, VA, 26-28 April 2005.

McCaffrey, B.R. (2005). Trip Report — Kuwait and Iraq, 4 June through 11 June, 2005.
Memorandum for Senate Foreign Relations Committee.

McCaffrey, B.R. (2006). Academic Report — Trip to Iraq and Kuwait, 13 April through 20 April,
2006. Memorandum for Department of Social Sciences, United States Military Academy.

Multinational Planning Augmentation Team. (2001). Multinational Force / Combined Task
Force Crisis Action Planning for Humanitarian Assistance.

Olsen, H. & Davis, J. (1999). Training U.S. Army Officers for Peace Operations, Lessons from
Bosnia. Special Report. Washington, DC: United States Institute for Peace.

Phister, P., Plonisch, I. & Humiston, T. (2001). The combined acrospace operations center
(CAOC) of the future. 6" International Command and Control Research and Technology
Symposium, United States Naval Academy, Annapolis, MD, 19-21 June, 2001.

50



Rasmussen, J., Petjersen, A.M. & Schmidt, K. (1990). Taxonomy for Cognitive Work Analysis.
Roskilde, Denmark: Riso National Laboratory.

Secretary of the Air Force (2004a). Air Force Operational Tactics, Techniques, and Procedures,
2-3.2 (Air and Space Operations Center) (Review Draft). Hq AFDC/CC. April, 2004.

Secretary of the Air Force (2004b). Air Force Operational Tactics, Techniques, and Procedures,
2-3.3 (Multi-Service Tactics, Techniques, and Procedures for Targeting Time-Sensitive
Targets). Hq AFDC/DJ. April, 2004.

Sieck, W.R., Klein, G., Peluso, D.A., Smith, J.L. & Harris-Thompson, D. (2004). FOCUS: 4
Model of Sensemaking (Final Technical Report, Contract 1435-01-01-CT-31161, US Army
Research Institute). Fairborn, OH: Klein Associates, Inc.

Tsoukas, H. (2003). "Do we really understand tacit knowledge?" in The Blackwell Handbook of
Organizational Learning and Knowledge Management, M. Easterby-Smith and M. Lyles
(Eds.) Malden, MA: Blackwell Publishing. pp. 410-427.

US Army War College. (2000). Joint Forces Land Component Commander (JFLCC) Primer.
Version 3.5. 2 April, 2000.

US Joint Forces Command. (2002). Commander’s Handbook for Joint Time-Sensitive Targeting.
22 March, 2002.

US Joint Forces Command. (2003a). Doctrinal Implications of the Standzng Joint Force
Headquarters (SJITFHQ), Pamphlet 3. 16 June 2003.

US Joint Forces Command. (2003b). Concept Primer: Joint Interagency Coordination Group
(JIACG). October, 2003.

US Joint Forces Command, (2003c). Concept Primer: Operational Net Assessment (ONA).
October, 2003.

US Joint Forces Command. (2004). Standard Operating Procedure & Tactics, Techniques, and
Procedures for the Standing Joint Force Headquarters Core Element (Draft). 14 December,
2004.

51




APPENDIX A SCENARIO DESCRIPTION

52



dwegeeBnje | 11¥€0F | %001 3 JoyuoN | 8 Sjuaweppesay/saebnyey | 1
POOYOqUBIBN JILG3 | 20YS8E | %00b [X3 JopuoN | 8 suogeindod Jup3 | 0F
|0y uopeyyuy $8¢€-29¢ %001 'A% Jojjuol 8 s8N0y uogenjyulspiog | 62
eary dwe) Buwiel) | 19895 | %00} £ Joyuoly |8 sdwied Bujures| suoua) | gg
dnousy eppiyep Keypweied | /S€-96€ %001 0¢ ouoN |~ 8 SepIyep Aeyjwesed | g
180 Keypuieied | 5Ge-ySE %00} 62 OHIoN | 8 siun Keyyuerg | oz
syoe) suodeapm | £56-82) %00} 82 oo | g sejidyo0)g Deyprered | gz
6jnoy 007 Aey 141924 %001 2@ Jojuow | g sejnoy yoeaddy pey | vz
uonesyno] ansuejeq | GLb-051 %00} 9 opuon | 8 suoyisod BKSugjeq pey | €2
eay Buibeig Key 6vi-8vh %001 [H3 Jojuop 8 szaty Bubeis pay | ¢z
uoswed Keyin 151-821 %001 v ojuo | g suogejielsu Keww pay | 1z
Kuoe 3 eBesols gnm 12V-€2h %004 £ Jojuop ] sedyo0iS QWM | 02
Kiapeg 3L anm 2181} %001 [73 OO 8 sweiskg KIsAeq OWM | 64
18N [ERUBULJ {BUCHEN Lt %00} ¥4 oo | g womje jeoueu JewiBay | g|
8pON 20 {0d elewsally 9l %0E 0
SPON 73 E5mod T o 5 ooy | 8 womeN z0 featiod | 24
800 Aued [ea0] | 911601 %02 8l
< R o ol w0 7 ooy | 8 saquoed Aueg legrog | g
Ieyung/eouBpISaY euibey €096 %001 9l JonuoN |~ @ souspisay 18pea 1 oWBRY | SI | jsasepuyjoseany hoy | g3 ¢ yshwaisisied | o z
EXETTEES 5646 %00} Sl uopnAssg | 4 sealy eoURJEB|) BUW €8S | )
dnoig jeog Keywesed 0698 %00} [ uoponasaq ) leeiy) esg Kepwerd | ¢}
Auoe3 poddng eeg 5818 %001 €l peziesneN | ¢ senyoe] yoddng yodesg |z
xeydwo) %000 Kieyin 0892 %00} Zh pozieansN | ¢ $400Q uodesS K | 1) Jomodees aﬁ.ﬁm St z
dnazg) jeog joned SL0L %001 b vopongseq | sieog toged o | 01
supewqng 6959 %00} o) uoonsiseq | 4 ssupewqng | 6
dnosg diys eAeN ¥9-29 %001 6 uopongseq | 1 sdiys luelequioy BABN | 8
Kieyeg Jeqoune WS 19€S %00} ] voponaseq | 4 seuejeg WyS | £ Auouedng eeguy | 08 t
9JiS Jepey |04u0d KYS 2505 %004 1 uogonaseq | SEDEY [QRUOD WVS | 9
181U8)) 10UOD WYS 3 %00} 9 vopnaseq | 4 SUOWBN 1BPEY 09 | §
x8jduio) Xepey M3 89y %00} 5 vopniseq | 4 SUOMBN IEPRIMI | ¥ .
Ape3 SBeiois Bh3 | SPIE %00} ¥ wopnaseq | 1 Soioe] POdang ey | © | Jemodiy kiesiaapy | 02 |}
Kemuny piayiy ueying 0622 %0E - €
Tewiing pRsy oW o o Z pezieanaN |z spiouily venimoken |z
ucspenbg yesauy Jepybig [ %00+ I voponaseq |1 siojdeasepuiyBiy | § soedaeg adeys | |
90ORd UOISSIN SPON' | XOPUIJWN | quiue) |  xepy Pyl | ssnp) | quowei3 {BUoRIuNd ISTNA | Xepul | AjAmg josaue) | enjep | xepu| pu3 Ji0ajegs | enjep | xepu ARIQO YON | Xopy
{RNpIAIPY % L) [suopeiedo | Joay3 34 900 | 903 sas | s3s VON
diN

(2401 19vd)

S$SAD0NS Y04 SNOLLIANOD UZ_._l._.wm

53



JusWaauby AseanaN W asp %00} 65 EE@%« 0k IO Aeyyebuesp | pg
ubig
wsweaiby Kienpues-juy 8y %00t 85 wawsaiby T o1 1008 | €5 Sjuaiaaiby
ubig j0 13isiup sbueiQ abuesp Aqunog | gy fyesnay | 08
uswaaiby Ayeanan od 98y %001 5 Wawaaiby | o4 ssuseg | Z§
ubis Jo Jgisiuppy aburip
forwiodig
Juawsaiby se0i04 g8y %00} 95 wawsaiby |0 sIp) Ky veas9 | 1g 6
ubig feuoibay
luawae.by eary Bulbels | perzer %08 [
Juswsalby Sjuawaselby
Wewoalby ysuell | Terily | %0 | V% upg | OF | fowoIsun LI | 0 veaip Aqunog | - g uojenison | 5
ewaaiby 1ybisng Ly %00} €S wewsaiby | g} esugjeq | 6v
ubig JO JBiSiupy UsalD)
wnpunaganig | Sirvly | %004 Zs hodaq T 61 saoi04 uoydeoag | gy
WINUUBNBNIG | ©/y99r | %00} 15 fodeq | Sl 532003 Unessy quduy | Zp cg_mwwp\_mm 0z wewdoidad leaw) | og
wun apqoutty enig | G929% | %004 05 fodag | 6L | secioginessyepqouy | 9y ’
uoiBay oy Aoy 19y %001 oY . Buiwem | ¢} suogeindod Iy fex | Sv
piopemiequ ke | 097657 | %001 [T Vewoy | s/opesy(equL1e0T | ¢y
ysigeisy uonejndod ueyAly | 0 loddng uoeindad | 02
CETETRYSY 85y %00} 117 wewod | 6 Slepea| snobiey | ¢y
ysiqers3
lapuewwod Keyiy IS %00} o wewoy | 6 siopee Ay | 2¢
ysyqeis3
Jsobeuey Rgn KI0 | 95505y | %00} Sy Rewo) | g siaBeuey QN ey | 1
ysiqers3 SIERWO S—
OReNUROLRID | 6vvrary | %001 | b7 PEG) | 6 SiopeaT Uiy (2907 | 07 brunwpy Aey | O Ayeanannogeiided | - og
ysygersy
BoyO Jusweed Koy | Ghyrgvy | %004 X3 WEWOD [ 6 Giysiepea ogenowaq | 6¢
ysliqeies
Rpea foustinsu| 8y | Lprovy | %001 oy pewod | 6 diysiepes foustunsuy | g
ysyqess3 580,04 Aouafunsu;
awubiy Luabin
e RousBunsuj | 6Ev-9Ey | %004 ¥ wepoy |6 R eway | § wauubyy busbinsuy | g1
. ysigeis3g fousfiunsu; [euciBoy
“dnougsawom Koy | Sevzey | %00h oy Jojuoy [ g SRYIOM [BaUPaL | 9¢
aujadid SeOMO | Ve ZIy | %001 6¢ Jojuow | g AINPNSeyU} san0sey | o
K [)
eary ainynouby Aey [¥23 %0 8¢ ——
xadwo) | Ozv6ly | %09 £ opuon |8 aainosay jmey | ¥E
Bujssaooid/piauio
BN | SIvLly | %004 [ oo | g SIspnQ epajy euoBey | ¢¢
Jadedsman/oIpeX/AL
Baly VBN KON | QIvZly | %00F [ Joyuow | 8 sealy Jydesfosgy ke | ¢¢

54




Ayioe) abe10js QM paeaduc) 660 S50 } UOISSIN 40S | #1 S6°0 60 } Sueaang/uooRy 1Y | 61 590 - S Auoe4 abeiolg GM
uoibas 660 S50 } UOISSIN 40S | ¥l $6°0 690 b sougRANSUOB AlY | Gl S9°0 - S Kiajeg 131 QWM
oibuis & u) pejgao] Aieyeq Jad sieyouns; 7
58210/ 660 $9°0 b sbujpescaid[eBe] | 12 580 - 1 191 [BIOUBULS [UOHEN
wa._EEmQ punj o] pesn yJ0Mjau jejaueli4
[CTEITET) 660 S90 ! uoisSINJOS | 1) G660 SL0 b goUe|jannsucRy lly | Gl 560 - l 3PN 20 10d djewally
swibal A pajjonuod ays owiwod jeolY0d
(Kiewyd) 660 590 b uoissiN 408 | b1 $6°0 S0 b eouefjsuns/ucoay iy | 61 560 - b €PON 20 [ed10d
awybal Aq pejjaiuod ays OWIWOD [83I0d
ewjBai Aq pajosjuod aoiyo Aed [eojyi0d (8307 S6'0 590 b SuejiaAngucoRy Y | 61 660 S8°0 b uoIsSN40S | ¥ S8°0 - ot 3040 Aed (8007
awybai kq pajjozuod sispenbpasy Aued jgajjod S6'0 $90 ! JBAING/L00RY Y | G 660 [7X) b uoisSW40S | ¥ 560 - b inbH Aed eagiod
(pa1e0j03 J0U] 560 580 9 eouB|lBAINGUCORY Iy | Gl 660 S0 A uolssN 30S | ¥l 560 - 8 Jajung/aouspisay
ebexoed uoissiu Jad seouspisas G snjd sxyung | awibay
8318 JOQIBY IO 6UB] BES DALY G6'0 Sy'0 FA uoRdIpsBIu| L 560 580 2 luswebebuz [3 580 - S Baly BU 835
Jy Bupm paxig 80BJNG [BABN
dnosb 1ad sjessea Lieyjweied 0z §60 $90 [} UOROIPIBILY L 660 S0 [ jusupbebu3 S S8°0 - S dnop jeog Keyweied
Ay Buipm pexg 80BJING [BABN
Aupoey poddns eag 560 S6°0 [ voolpelu | L S6°0 $8°0 [ iuswabebu3 S 660 - S Aipoed poddng eag
41y Buim pexig 80B)ING [EABN
xa/dwi0a yoop Aiejiin S6°0 S60 7 uooIpuelY| i 560 680 3 uswabebu3 S 660 - S xopwod xo0q Kepiy
4y Bum pexiy 80BlNg [EABN
seasg S6°0 S9°0 z uomoipaly| | - £ S6°0 S0 [ juswebebuz [ ¢ G8'0 - 9 dnoig) yeog joed
OM) Ul pa}Booj dnosb sed sjeoq joed Jybi ¢ Ay Bup pexi4 8OBJNG [BABN
euyswqns eibuig [ 050 ) uewedebu3 S S9'0 - G- auiewgng
80BUNG |eABN
dnoib Jad sdiys juejequiod soBpNs y §6°0 60 ¥ 1uewabebuz S S6°0 SL0 v uofRIpIaIY| L S6°0 - 3 dnaig diys [eren
— 80BJING [eABN Jy Buip paxig
Kiayeq Jad ssetpunej §6°0 S6°0 3 uoipipiaju| L S8°0 - 6 higieg BysuneT NYS
Jiy Buim paxig
S8YS JBPRI (01U Sjjqow G Snid sjued Pexy | 560 S6'0 9 uoRdIpIelu| L 580 - 3 alSiepey U0 WYS
Iy Buim pexig
1a}ti82 04ju0d Wy [eucibey S6°0 S6°0 b oussiyesiu iy | ¥ 560 $6'0 1 uoRIpsBu| L 560 - b 2)ua) |0u0) WYS
: Iy Buim paxiy
says sepaJ G snyd uoyels punoib | S6°0 560 9 olssiyesuQ Yy | ¢ 560 S6'0 9 uoRIpIAIU) Ji S6°0 - € @jdwio) lepey M3
Ay Buim poxiy
$8/0/yeA sryd eax ebeio)s jon4 S6'0 S6°0 Z elssyesIuQ Ay | ¥ S6°0 S6°0 [ uogoIpaalu| L 66'0 - Si Ajioed abexog |eny
Jiy Bui pexig
Piaiie Jod shemun g S60 560 2 uopIpiau| L 660 - 6 fermuny plRylY UB|ING
J1y Buim pexid
Prayite Jad shemuni 2 S6'0 S6°0 2 uoRIPIIU| L 660 - ) Reauny pewpy ARy
Jiy Buim pexig
uospanbs jed yesoife pg S6°0 S6°0 72 YIS BsID 1y [} $60 S8°0 9 uorpIpsalul L 560 - St uopinbg Yesony JayBig
4y Buim pexiy
SJUBWWOY Noeqpead | ssedong | dWN/ SR | SsB|D | %oeqpeod | $s000nSg | JWN/ $39|) uopoy Alewpd | sse|) ajepdn ojey | SdWN abeped uossiy apoN
qoid qoid | sejuog uojoy Aiepuodeg | uogdy |  qoid qoid | seipos "| uonoy 18} diN | Jo#
J0qoid

(A0 T1UVd) SSADINS ¥YO4d SNOLLIANOD ONILLLIAS

55



§82/0 660 §80 b aAjeniuf ogewoidig ! 66'0 1 Wawsaiby ybupen0
ynesse 3/)7g buiyiie Joj juswesibe Jybisa)
paucjsodaid 660 S60 | uopessdp | 11 660 2 WU puncig enjg
8q 0] $82J04 Jnasse Uoiyeao/S (Bl 83104 punoIg
pauojysodaid 660 660 l uogeiadp | 1} 660 ] WU suuew anig
8Q 0] $82J0) }jn8SS8 UOIKBOI/S() [BIIU] 80104 punoI9)
pauoysodaid 660 S60° 1 uogessdo | 1L 66°0 Yy yUN sgqouLy anjg
8Q 0} $8240] }jnBSSB UOHBOI/SS [BINU] 82J04 punoio
uoygndod ueling Ajauiadiuds Aeyuajod 80 §90 UOISSIN 4OS | Pl 080 060 } W 92 G610 l uoBay U3 Aay
ubiedwe) $40ASd
uoibas 860 580 } uoisS 308 | ¥l 580 F puopem equl Aay
uijim uB|d JO 8qu) Aax 0 Jepes] [ejuenyul '
voiBai ujyym ouejd snojbyjas requanjul 660 S80 b UoiSSW JOS | th 680 l CRMOETELYEN]
sjgjnyded 660 580 b uoilsSW 408 | ¥l 580 } 1opuewuiog Kiepy
0} Buyyim Jepustuwoo epebuq Jo uoIsing
Aioey 660 580 b uoIsSN JOS | ¥h 580 A J1eBeuepy AN A
abemas Jo sgjem ‘seb ‘oujoeje jo sebeusyy
abeyjia so "umo) 'y jo japeaj eAjeASIULDY 660 520 ! uoissSW 40S | ¢4 580 [ oRel umo /At
weweiyed jo Jaquaw JjayjedwAs Ajeljusjod 660 $8°0 b uoissSN JOS | ¢ 580 ¥ |EDO Juswelned Aay
dnaib 660 S80 1 uoiSSW 40S | vi 580 F L2 Aouabinsu} Aoy
fousbinsu; ogeyjedwAs Ajenus)od jo 1epae) Aay
uoibal 660 S0 b uoIsS 40S | ¢ S8°0 [} 1180 Aousbunsu|
utyym dnosb Aouefiinsu ajeyjedwAs Ayejusiod . :
S/axIom [831UY08] 0004 jo dnaibjeucibay 660 S8°0 } uoisSN 4OS | b S6'0 v dnoig saopm Ry
sujjadid uofjepodsues) sebi0 660 560 uoisSIN JOS | bt S60 560 b 3oue|iBANS/UCBY MY | Gl 660 0l auiladid se9Ai0
eaJg jeinjjnoube Aoy 660 560 uoisSIN J0S | ¥ 560 560 } ANSucoY Y | G 660 A zany ainynouby ey
Ayioej Buissaaoud | snyd spjaiio £ jO Xajdwio) 660 S6°0 uoiSSIN40S | Vi S6°0 660 b 0uelBANSUORY Y | G 660 4 w|dwo)
Buisssooid/pIRLII0
awiba Aq pajjosuos Jajino IpeN 660 G6°0 uoiSSINOS | i S60 S6°0 i 80UB|BAINSUCORY IV | Gl 560 A elpa
BdedsMON/OIPEN/AL
sUojBIBd0 660 $9°0 UoiSSIN 40S | b1 560 $8°0 } UBJlBANSCORY IY | G S6°0 3 ealy ueqi) Aay
18quiod Jolew J0f ¥SU Je 8q 0} Ajex| Base usq
18pioq Bau paysiqe)se dwes sebnjay 660 60 uoissSiN J0S | ¥4 60 S6°0 l awsn| sz 560 6 dwe) sabnjay
a9y ueueyuBwWNK
buisusap 660 G680 uoisSIN 05 | ¥l 690 G0 b BOUB)BANSUCOBY IIY | 6} S6°0 8l 00u0qyBiaN AU
ojuy}8 Joj ¥su Je poowoqybiau dyoeds
SjsuoLd} 660 SL0 UoISSIN 40S | b1 S99 S0 b SOUB|BANS/UCORY Y | Gl §90 €2 34n0y uoneL il
ubaio) Bugioddns ejnos uopesyyul sepiog
dued Bujues} o UOHBULOOPU] JSUOLA | 660 60 UOISSIN A0S | ¥1 60 060 } uelpANguCOR[ Y | G 590 ; ealy dwe) Buiutes |
dnoib ad saaysa 29 S6°0 S¥0 SOUBJIBAING/UOOY Y | G| 660 050 1 uoisSW 408 | ¥) $9°0 F2 dnoig
3pIyAA Aiejgiwesey
1§89 1ad jauuosiad Aeyjwerd 000's 660 050 b uoisSN 20S | ¥l $9'0 F 1180 Kieyiwereq
8082 suodeam 1o asnoy 9;es Kigiweied 560 SE0 0Ue(BAINGU0ISY Y | Gl 6670 S0 b UoISSN 40S | ¥ $9°0 924 8yoe) suodeam
8}n0J Jo uoppasiaju; kay 660 580 UoISSIN 40S | I 560 <80 i oue|lBANgUOSY Y | Gl 66°0 z anoy 001 ke
Yyoeosdde 660 S8°0 UoISSIN J0S | ¢1 560 S6°0 ) SouBiBANG/UCOY 1Y | G} 580 9 101jEOLMO 4 BASUR}RQ
JO 8NUBAB UM P3}BIO] LONBIYLOS SNSUSIB]
ea Buibejs leyjiy 660 580 uoisSiN 408 | ¢ S60 S6°0 ! uB|IBANSUCORY Y | Gl S0 2 ealy Buibeys ey
fpuuosied Kl 0097 snid Ajyrogj uoswed 660 580 UoISSINJOS | bl 660 g6 } souB)iBAINgu0aY IIY | S 660 0z uosweg ey

56



uojEOYRI0S BASUBJEQ 86/ %00} f£2 JoyuoN T 8 suonisod aasusjeQ pay | 12
eary Buibeg Kieylig (73] %001 ¥4 Jowuon | ¢ sealy bubeis pey | 0z —
uoswed KiEliN |~ 0215 | %004 0z Jojuow {8 | suoneyeisul KN peY | 61 joseary key | OF 9 usiwelsisisg | gz g
ealy auyy eag 05-6¢ %004 6l “fogseg | sealy | 8l
) 8OURIES|T) BU B6S
dnaigjeog MeliueRd [ griy | %00} 8} _ Hogseg [ 1 [ ieaw eg Nejuieied | 21
Ajjoed poddng eag [T£43 %004 i ezlegneN | ¢ sefioed | of swesk
S
poddng yodeas Brodess | g) S
xejdwod yooq ARy | birie %00} 9 szgemeN | 2 spoqHodeag Rieyiw | 6l KiesioApy
dnai5y jeog joned 966¢ %00} Sk fogseg | 1 560§ joged [elop] | 41
aupewqns [ %00} i honseQ | 1 solyewqng | ¢}
dnarg diys jeAeN £€ %00k | €l fogseq || sdyS uequiod jeAeN |z} Awouadng
Kiayeg jeqoune Wv'S 280¢ %001 Z fopseg | sousHeg WvsS | 11 eagmy | 08 ¢
8)iS Jepey [aju0) WVS 62 %001 1l fagsaq |} siepey |oguod Wys | 01
191U8D 1a3U0D WYS 82 %00} 0l honseq | 1 SUOMINJEPEY 100 | 6 - .
xo|dwo) epey M3 J14 %00} 3 Aogseg | | SYOMBNEPEI M3 | 8 swayskg modiy
Rypejebeuaigend | 9222 %00} ] fonseq |~ | | semidedwoddng piely | Z hesienpy | 02 4
Kemuny paLay ueyiald 12-64 %0¢ L fonso T
| ]
—Tewing PP KN oy %0l 3 apseg | ) PloylY uelMO/AEIIN | 9 03 psio
uospenbg jexauly JeBid | ol-¢) %00} § fopsaq [} siqdsoselipaby | g jenuipnpuey | 2
BaUY UBIIND S0Y BpIog | Zi-Li %00} ¥ Buuem [ €1 uogndod | ¢ sonoy | 01 3
, UB(IAD Joplog soueApY wajse3
UOISIAIQ 1BGUIOD PUNCID 06 %00} 3 ezieqnaN | Z suogsod [ € suoisiug | G4 2 §30104 ubiedwe)
8@ / seary Aguessy 1equop) wejsey Kiestenpy xig 0 } uopdaoag l
3)IS uodaY exjoe] 86 %004 2 uogdsasq | gy | B0uUBSSEUUCOSY [BOREL | ¢ . coueloANS ; pApuoy
B)S SOUE[BAING abuey b1 a0 %00} 1 fonsag [ ¢ ouejleAINg |} waseg | 9 4
sbuey 6uoq
abexoed uossif 8pON | Xapul dWN | qHlue) | xepuy) Pay3 | ssej) juawel3 | xepuj | Ayaeio joelus] | enjep | xepu| ejeyspuy | anieA | xapul | 2ARM[qO YON | xapu)
lenpiaipu % LLLiN] teuopriedg | 1083 Ieuopound iSaWd | 34 909 | 903 Jiferens | s3s | s3s VON
diNN
(ZAO T L¥VA) AYINA dIDYOJ TVLLINI
sjsale) 660 SL0 I eAjefIu| dpeluojdiq b 660 - | luausa.by Ruennsy wy
Jo ynsund Joj Jueweaibe Aisyjiw-0-AieyyN
Jop.oq Buoje 6670 SL'0 ! eAgeniu) onewoldig 1 660 - 1 Juawaaiby
S8UBNJIUBS JSLIOLIB) SBAOWAS JaY) Jualtaaiby Aenpues-uy
souaIapsju) : 660 SL0 ! anjequ| opewoidig 1 660 - 1 walwaiBy Ayennan (o4
Jeatyod sezui JBY) Juawesibe AgenneN
suopesedo 660 580 } eAjeqiul onewoldiq } 660 | - b Juswaaiby sauoy
anyeadoo? Joj Juawee:be Aeyiuw-o)-Aieyin
§82i0) jinesse 660 580 b anjeniu ogewoldig 3 660 - 3 weunaiby ealy bubeg
3N"g buikojdep soj Jusweasbe sass Buibe)s
$9240f }jnesse . 660 $8°0 } ageqiu| opewoldig } 66°0 - S jusweeiby Nisues)
3N78 buihoydap sop Juswisasbe epnos ysuels

57




PooyIOqUBIBN BInoY (2907 | par2st | %004 [ sougdwey T 9 uopeIndog ayoy Aey |25 oyely anoy A3y | oz m
PICPEM/JAUD UBD | SYOSH | %00k 5 Weue) | 6 sipeeT RaULueD | 16 Yoddng wogan n%ﬁ”m 0L | 0
IpTSnolBiey 0 9WeI Koyl | 6vvery | %00r | €3 wEwoy |6 Sepea) snobiey ke | 05 | snobyewremyng | S | 9 . .
Jopuewiwiod Nyl | ybyEhY | %00b ] Peua) | 6 uspuewwo) Kieyy | 6y
u 9 L0 Sl N UMO,
ON Alnumo Y | ehtrLer %001 ie peuod | 6 b AN umoJRID | 8y wiopea uosamydes
oleNume /D | GErrEr | %001 05 pewey [ 6 siofeNumo/AD | Zy wagnog/waisap |- OF 8 Rpeathay | O 6
Japeajusweed/AnsiuN | €Evvey | %004 6y pewey | 6 sepesy | oy ) OHLS 10
luawepedrAnsiuy SUPUOY 188
dnio1 pdiuaA KielRuIed | €2rBly | %O00% 8y Aanseg | SOIUAA | G
: Aiepjwesed deg o .
A Konse up) Kiepwieed de ejiweled Xy
oD Aejwered [ 8iiviy | %001 Iy onseg | 1 syu) Aeywerd ded | py ey (erdey | S ¥l koustnsy ping | 09 )
sude suodesp | €Ly 60y | %00} o fonssq | |} sadpois | ¢y
Keyjwerd dey
dnoso ejaIyaA Aieweied | gorvor | %00t [ Rogseq |1 S9yaA |z
. Amiweled ynog
180 Keysieled | coy66¢ | %00% w Rozsag | 1| SN Keniuesed wios | 1y amw%zmsmm g | a inessy
84oe] suCdeam | BECV6E | %00} ) fonseq | 3 SaIPRAS | oF sugouuyy onpuog | 54 L
. Aseyj\wesed yinog :
Aedwod AunceS a3 | €66v8E | %00+ v fonseq | siunAunses a3 | 6¢ sasugled | o 7
piaiply Aoy
dnoi9 spiyeA Nejjuieied | £86-G4¢ %001 iy fogseg [y SSMBA | B
Aieypwesed jsap
180 KEyreied | pZE99€ | %00 | Ob Ronse@ | 1| swin Kewueed1sem |z es_&uw%n s | ow
ayoep suodeap, 1 z9¢-€9¢ %004 6¢ fonseg | ¢ saudpols | ot Ninessy
Aieyuweied isapm snojqydwy | 69 ]
Kuedwod yduosuol LeiN | 295-09€ %00} [ hagsag | 4 spun Kewp idmsuod | ge sauod | 0g 0} npuo)
Aunosg wajsapm
sieuipadw| [2IsAUd | 650V | %001 23 fopseg T ) sesugjog |edisiyd | pE sesuspd | o2 6
Japlog wa)jsapm
13N |eiouBuld [euojeN T %00} 9 ezyeqnaN | ¢ ¥yoman | g6 |
[exdueuly ewibay
8PpON 70 {od Sjewsly [ %0¢ [ fond R oo
Si |
SPONZO 1EMod | 268 %L [ ¥e Q| b HOMSNZOIEoR0d | 26 dysiapes F—
040 AHBd 18907 | 9ec-228 | %0z €¢ . awpaydoy | S* 8 | ouwbeyaepeog | 08 S
Y Yo %e o % onseg |y seled Aueq leoniog | 1€
Joyungraouspisey awibsy | GZEBIE | %001 e hagsag | souapisey | o¢
Japea awibay
e abeiols QNM | ZIESIC | %004 0¢ fapseg Iy saydxo0lS QWM | 62 skg Lisnpg Jeary)
fisieg TLGAM | 2ie80t | %00y | 62 Rogseq | | swasks Kemag anm | 82 | /seideoisawm | 06 | ¢ awmaeumyy | 08 ) Y
8oy uogenjyul | 20£682 | %001 [14 OJUON { 8§ | SmnoY uoRRANUI BRI | 2
ealy dwie) Bujutes] | ygz-182 %00 22 Jopuoyy | g | sdwedBuies Jspaliay | oz
Gnoug afdiaA KiENplieieg | 08261¢ | %004 3 Jojuow | 8 S9jMuaA Aiepriueied | Gg
el Neyywered | 8/Z-Li | %001 [3 JOMUOW | 8 QN KEweEy | pg
ayoeg suodesp | 9/z-10} %00} [72 JouoN |8 s8lidx00iS Kigyrlueseq | ¢z
anoy 00T4eM | 00166 %001 £ JOUON | 9 sejnoy weaddy pay | zz

58




18seud K1) 050 b weumbebuy | ¢ 5970 - } Bupewgns
JOYE pAINWISUCOR. Usaq aAey jeyl seuye; Aoaseq : - s08yIng BASN
| eseud S6°0 60 [} Juawabebu3 § $6°0 SL'0 v ) uogaIpRu| L 660 - b dnoig diys feAeN
Joye PAYNYISUOR] UReq BAey Yewp senoe) Aonisaq soepNg [2ABN Iy Buip paxig
(8seyd G60 S60 S ueppAW | L 680 - 3 Kaned 1eyoufie NYS
Ja)je pejn)isucs) Usag BARY Jey) SofyIoe) fogsag iy Buia, paxi4
1958Uq 960 $60 g wogopR | L 580 - ! alis Jepey 108D WYS
JBYjB PAINYIISU0DR) URB] BAEY Jey) Saliiie) Aonsaq ny Bupy, pexig
jeseqd |  66°0 560 I sssesiuoay | v $6°0 60 ' wppe | L | 60 - 1 BIUa 104U0D WYS
| PANSUDDB) USRY BABY JBY) SBIIDE) fonseg | - Iy Buia paxi4
feseqg | 660 560 9 ssswesnoIY | ¥ 60 60 9 uoRaipRI | L 660 - \ o|dwey 1epey M3
JBYje PaInySU002) UBq aney Jey; sepyoe) Aoaisag Jy Buiw paxd
yeseyd | S60 560 2 SIS eSOV | ¥ ) 60 [3 uopsipief | L 660 = S Kjioey sbexis o4
Jalje PaINNISUOIRS UB8] SABY Jey] saiie) Aonsag iy Buip, pox4
joseyd, 60 560 [ voppRlll | £ 660 - £ Remuri] piogy Vet
1342 pAAYSUCISS UBAY aAeY 1yl senye) konssa ay Buin pexd
| seld S60 $60 [ uogoipe| L 66'0 - 2z Remuny plRIpY Aeyin
18)je PAJN}ISUO00) UBSQ BABY JBY S3III0e) honsaq ay Bup, paxg
fesedd | 660 60 7 eSSy Iy | ¢ 560 §80 9 uwoRopely | 4 60 - ) UoDends Jeioly Jaybid
I3Yj8 PAINYISUOIBI UBSG BARY IR SBINIoe) AossaQ Jy Buia poxi4
suopesado 1equiod 20 60 [/ W) I 9z 660 - z B3Iy UBINLD Bjn0y Jep0g
pauseM aJe SaIno: soueape Buoe uoye|ndod VeliAlD ubedwed SdOASd
(2 560 560 oz uogopse | L $60 - 7 UGSING 18gU0D Pundi
|WBSSE Ul UMOp pauuid 8.8 SUOISIAID JEqUI0d PUNCJH ) I Buip pex4
UO[da05p ADa}e 10} SaYS B JoUS ISP | §6'0 500 z ssspiesD Iy | ¥ 560 560 z wppRw | L 560 - [} IS U0daY [eandel
. a1y Buy pexi4 .
UG[d53ap GAPGHa 10} SaYs |ig RORSep IS | 560 60 z sS oS Y | ¥ 660 60 z wppsul | L 60 - v a)ig ug|ieang abuey 67
Ay Buim paxiJ
SjusWWo) Hoeqpedd [ $883ong | dNN/ ) sse(9 | $se() [ woeqpaed | £€630ng | JWN/ ssejg ucpoy Aiewild | sseid | elepdn ] eiey | sdWiN aheyoed UOISSIIN 8pON
qo)d qoig | s8juog uopoy Auepuodeg | uojy | qold qo)d | sepoS uojpy | e | dWN | Jo#
30 oid
(zJ0 T1YVA) AYINT AFIHOJ TVILINI
dnoio opiyaA Aieyiueied | 019608 | %00 ) fogsag {1 sapiyen eyweied | 19 SpooyoayBEN " vopejndog
190 KieTjWeieg | 90609 | %001 | €9 wassa | ¥ SN KenaeRd |09 ooz | O | % | kuoupparong | % | B
dnoiS sy AEljwered | $09-€09 | %001 2] Ronsaq | | sepiysp Aejywesed | 66
B0 KEwWWeRd | Z08-665 | %004 19 Foisag |} SNy Keyweed | 85
ﬁl dnois venpuyodl 18201 | 865565 | %00} 09 pooid | ¢ sano9 | LG ampngseyul | 6 saonosay | o, o
JOWON [ UBIIUYRAL 8210053 fevoneN K104
Rioe4 sueip o euljedid | 65685 | %001 65 Paoid | £ | Sks podsueryysalyedd | 9§
P14 doi) 10 sUiN ‘PIRYIO | ¥85-285 %00} [ weold | € | sempoeduby/sun /IO | SS
ayiS buber 1850685 | %00 1§ ping | ¢ sealy bubals | ¥ 55eg
s TS | tesom ' : ssary Bubeis | o | g veyeyiewne | 09 | b
peo Aigdng joied | 645GSv | %004 95 “Koi8g | SF | Seidwols Venejuewny | €5 usai9 Aqunod ping

59




diAN Jod safos Sy Buim paxy g 60 580 ? SYO | 8 590 - 5 8yde) suodeapy
1 xoq|I1y Buim paxiy
AN Jad sagios 60 §8°0 z SY0 8 660 560 ! vogered0 | 13 80 - 0} Aurdwod Aunoag 83
Sv2 Buim paxy Z Jo aos punoib ezis-Auedwod | 1 xoqjind Buip paxi4 20104 punoI9
dIN 18d sapios 60 580 A svo[ 8 6670 S6°0 } vogeiedQ | | 80 - 6 dnoi9apiyaA Keljuesed
Sy7 Bum paxyy Z Jo aipos punoiB sz1s-Auedwod | | xoqjy Buip, paxi4 82J04 punoIS)
dINN 384 sapi0s 60 §8'0 2 SY0 ] 660 S6°0 } uopessdQ | 4} 80 - L 1183 Keyjiwesed
Sv7 Buim paxy z Jo aiwos puno.b azis-Auedwiod | 1 x0qjin4 Buian paxn4 82104 pUnoI9
dIAN Jad safos 60 580 [ X7 8 660 $6°0 i vogesdo | 11 §9°0 - g 8yaeJ suodeam
Sv0 Bum paxyj z Jo ailios punolb ezis-Aupdwod | 1 x0qy4 Buip pexi4 82)04 pUNOI
dWN Jad sajios 60 580 [/ SV 8 660 560 } vogersdp | 11 560 - 3 Kuedun yduasuod Keyin
Sy Buim paxy g Jo aipos punosb 8z)s-Auedwod | 1 x0qiiy Buip, pexiy 82404 punoi)
dAN 560 680 i vonesad | 44 60 S6°0 } SYTW / Asjiiwy punosg | 0} 660 - 0z suawipsduw| {eaisAyq
Jad ajuos punasb azis-Auedwod | Jo aios Aajue | 62104 puUnoIS) .
660 $90 i sbuipaadoig [ebe1 | iz 58°0 - ! 1N jeroveul 4 euoneN
S6°0 60 \ SSSINOSIUD Y | ¢ %60 60 ) uoalpiRY| L S60 - } 30N 70 lod Bleuiayy
Ay Buyn paxid
$6°0 560 } 3|iSSIN 851D Iy v 60 5670 i uogaipiRY| L 60 - | apoN 23 lediiiied
Iy Buim paxty
S6°0 670 z assyasiud Ay | ¥ 60 560 7 uoaipLR} L 660 - 04 80yj0 Aled 8307
4ty Buip paxig
560 S6%0 Z B|iSSI 3siID Ay v 560 S6°0 ? UOR2IP R L 660 - } sibH Aued [eaod
4ty Buim pexig
S6°0 S6°0 [ djissy BsIUD Y | ¢ 60 S60 z uogaIpsIu| / 660 - 8 JeYUNg/a0uapIsay Suibay
ay Buip paxi4 .
560 S6°0 [4 SiiSSI 8SIIY iy 3 S60 S60 3 uonalpsau| 1 660 - S Ayoed eBeIolS gMm
Ity Buip paxi4 :
560 560 [ uoaIpLBIY} L $8°0 - g Kia%eg 13L GAM
Jy Buim paxiy
‘Guloyuow anujuoy 6670 SL0 | uoissif 40S | b 590 5.0 1 S0UE|RAING/UOSBY HY | G 590 - [¥4 SN0y UoHeAU]
Guuojuow snunue) 660 60 L uolsSIN J40S |t S60 060 l B0UE|RAING/UCSRY Y | G 590 - ¥ eary dwe) Buiues|
Bupoyuow anujjuod S60 Sy0 } Q0UBIBAING/U03BY 1Y | 61 660 050 b woiSSIN 30S | ¥ 590 - 3 ~dnosg piyap Kewjwesed
Buuoliuow enuyuo) 660 050 b woisSiN 30S | 1 S90 - Z 119D Keyuesed
“Buviojiuow anuijuo) S6°0 5€0 b 30UB[IAAING/U0%Y IV | G 660 SL0 ) UoISSIN 3OS |  th 590 - 9L ayoe) suodespy
Buyojuow anuyuo) 660 580 I voissiN 40S | 1 60 S8°0 b SOUB[IRAING/UOJBY 1Y | G} 660 - z 200y 907 A8y
Buuojuow anujuc) 66°0 580 1 voIsSIN 40S | b 60 S60 b SJUBJIBAING/UORY I | G 680 - 9 (SN ENSEE,]
Bunoyuow anujuo) 660 580 1 voissiN JOS | b $6°0 $60 | B0UE(IBAING/UCSEY 1Y | G} 580 - F3 ealy bubeis Ly
BulcHuOW 8nujLo) 660 80 ! UOISSIN 0S| bi S6°0 S60 1 B0UEIBAING/U00dY 1Y | G} 660 - 0 uosiues Keyin
1 8seyd S60 S0 F2 uopipIBN} |/ S6°0 Sg0 z juswabebu3 5 580 - [ EEEES
JaYe paIN}jsuods s UBDq BABY jey) saniioe} Aonseq iy Bui paxig 82BHNG [EABN
} 9seud S6°¢ 590 8 LR L S6°0 ) v uswebebuz S G8'0 - 2 dmig jeog leyjweied
Jaye painyisuooe) uaaq sABY je1 Saioe) A0458Q iy Buim paxig 80BNG BABN .
1 9seyd §6°0 560 7 uoRoIpIaIu} L S6°0 580 3 swebebu3 S 660 - S “RijoeS poddng eag
Joye painyjsucds) ussq saey jely sanyey Aoqsag 41 Buip pexig 80eng [BAEN
} 85BUd $60 560 ¥ uoRopR; | L S6°0 80 12 juswabebuy S 660 = S Rjdwod ¥ooq A
Jo)E palniIsucoRs UBa] aABY Jey) safe) koseq 41y Buip paxg 8084NS fABN
18seud S6°0 590 z UORI|PIBIU} L 60 SL0 7 Juswabebu3 5 580 - [ dnoJg 1eog o1ied
Joye PRINYISLODA) USR] BARY Je\p sayioe) KosaQ 4y Buip paxg

20eNG [EABN

60



dWN 1ed sajios SyO Bum paxy Z 50 580 [2 Sv0 ] 80 - f4 daagaen, leljwered
1 xagqry Buipm pexiy

dWN 2d sagios gvQ Bum paxy z 60 580 A SYO ! 8 80 - [ 1] Kieyjjweiey
1 xoqii Buim pextd

JiN Jed sefuos Gy Q) bum pexy 2 60 S8°0 [ svo| 8 80 - [2 dnosc apayep Kejweied
{ xoqy Buym paxi3

dIN 16d sap0s S D paxy 60 580 3 7] 8 20 - [ )80 Kiejwesed
1 %00y Suim pexiJ

ayis Jad ejpos punoJb ezjs-Aueduiod | 66°0 60 ) uogeiadQ [ 660 - [] dmigy ueuYoay 2307
80)04 punoio)

ayis Jad ajp0s punasb ezjs-Aueduwiod | 660 60 1 uopeladp 11 660 - oL "Ry suely Jo sutedigd

22104 puUnoISy N

WS 150 O[OS PUNCID BZjs-AUeOLDD | 660 60 ! uogered) | 11 660 - £ pjid 013 10 aUIN ‘PIRYIO
BNV04 PUNCIO

660 6670 t Wl | 6 660 - 2 515 buibels
loi4 BuisauiBu3 yno

SUCISS| GZ} X UOISSIN/SUO 07 660 6670 i [OREKA 86°0 AR peo Addng janey
48119 UBPEYUBWINY

) 60 2 W) | 2z 660 - 3 pooydqyBieN ainoy (00
ubBiedwe? uofeuloju|

660 [7K) } UoiSSIN 40S | ¥H 580 - 2 PIOHEM [ JelyD Ue)

660 SL0 } uolsSIN 40S | ¥l 580 - S 1P S10BioY 10 usiD Key

660 ) } VOSSN JOS | ¥ 580 - z Jepuewiwo) Kl

6670 SL0 ) COISSINJOS | b 580 - 9 JBN AuiA umo LD

660 S0 b uolssIN 40S | ¥l 580 - € R umo /R0

660 S0 I VOSSN JOS | ¥t 660 = i Japen] uaweled/Xasiuw

dWN 18d 530S SyD Buim paxy ¢ 60 $8°0 2 Svo ] 80 - S dnol) splyap Kieyjuesed
1 xoqu Buim paxid

JIN ied satuos Sy bum paxy Z 60 S8 7 SY0 8 80 - S {90 Keyyiesed
| ¥oqjiy Buim pexy

JNN Jed sapios Sy Bum pexy 7 60 580 T sV | % 590 - S ayoe) suodeam
1 xoqlity Buim pexid

"IN 130 S80S Sy UM Paxy Z 60 S8°0 2 SY0 8 80 - S dnop) apiysA Kieljiueed
1 xoaq)y Buim paxd

JINN 190 S90S Gv0 DU pexy ¢ 60 5680 2 svo | @ 90 - S 1180 Kejjuweseg

1 ¥oqupy Bu pexi3

61




0 Kieyiwieled | 11207 | %00+ 62 fonssg | 3 Suun Kepjueied | 2z
SYS UORAQISIA | S0wE0r | %00% % ping | v SSYIS WORNQMSIG | 07 seory 1y
peoTAddnS ey | z0vS6E | %004 Jia Xoidsg | <1 Saddns 818y | 52 | jojey wopnauisig | St 0 veueyuewny | 0L ‘
POOYIOQUBIBN BIN0Y B30T |  166-16€ | %00% 5 33ugdwog | 9 UOE|Ndod sinoy ke | #2 T Y
: abnjey ueyng SOWOH Ul
PIOJEM 738143 UBID | 06C-9LE | %001 53 aouendwod | g siapea BquLue) | ¢¢ siopes] uoneindog dsay | 0L 9
191 SHOIBieY 16 SWRR Ky | SIEVIE | %00 | ¥ Pewo) | § | sipisiobRa/Emn | 2z |  uoendogdey | O | 6 weiss oosd | §
IBISTS / 199101d
dnol ao1yaA Aseyijered | £26-60€ %004 %4 fonisaq } s8idjuaA Keyjuwered | 12
U0 Keyjiueled | 998-195 | %004 74 fossg |+ Siun) Kejijwered | 0z
dnoig UeiYda] 1820’ - 04, sdnol
IO UEPDIYISL 18907 | 09E-1SE | %004 2 vajid | ¢ ron/ :m.ceﬁw 6l ompruse | . soomosay | . ooy |
Auoeg stel Joauyedid | 03E-1ee | %00% 02 welid | ¢ EN T dinosey JeuclieN wejold [einEN 8inoag
podsuel| / saujadig
Ppid dosJ Jo sl PIaBII0 |  0EE-8IE %00k 6} welold 3 sefioed 1 7}
LBy j aun /10
Auedwod1equod | Z1EG¥E | %004 [ fonssg | | sdoos WisNG | 91
dnoig spIeA HoddnS | Ghz-g61 %02 il SUOISING
0I5 SPIEA BaWY | 261 VIl | %08 o foaseg | 4 Wawdinb3 voising | s bupssay | % | L
SRPea UOISING | €24-651 | %00% Gl emded | 1y diysiopesy uoisg | vi
dnoio apiysA KeNered | 85651 | %00} vl fonseq | 1 SSPPA | € pakossaq mw_mo sno
juwesed Bugdnisig Joemdensng | 08 v . Mswo £
80 KeyiWeied | yeiest | %00} T TRONSBQ | || Swip iwereq Bupdnisg | g) swoismg HEAnoN
S3GOI] BaIV %01 | ¢ah-6vh | %001 7 weloid | €1 sdoos1 wising | 1 Bugeryden | S 8
Bo)y AQUIBSSY BDINBA | 8PI-Zpb | %00) I pajoid | ¢ WUeLIdBT WOISING | OF
Jopuewwo UOISING | opi-GPl | %004 ot Pajold | ¢ diysiepea OSING | 6
D Keypuieied | yvi-Szh | %001 6 fonseg | 4 sieD Kelweied | g Keyweed | o) S
Bary [elided
1N [elUBUIS [BUOREN el %00} ] N SYIOMaN _
2iieljneN 14 JeroueuL auiey L son éwm M E_mwu 5o ¢
2040 Red 1207 | €zi-6i1 %02 L p soveumeomyeg | O v 18m4 awibey .
SiH Aied Fomod i %8 3 olseQ } senies Aued eaiod | 9 ajeuwy3
J3YuNg 10 0OUBPISAY | Z11-83 | %00} g fonssg |y sepng | ¢
| S90UBpISaY Bwibay Sioy sl ¢ paziesinaN 08 2
lepyO ewibsy | 7981 %00} v amded | 11 siapes awiboy Aoyl | 7 awbey) Aoy siopes awibey
WEIdOQEIONM | 19t %00} ¢ amdey | 1y Seld | ¢ uoRnpoIg [ Z
15987 401R9S9Y QM 15927 QM
Kipe4 oBesols gm Si-bi %00} 7 fonseg | 1 ~Rawassy | ¢ 0AU0D BARSOd | o 1 Auiqede 1
1 8Bei0is QM Kianjeg w . apun gm QWA dleuwy3
Koueg 131 GAM 0i-b %00} 1 fonsag | 4 STELAAM | 7| /Soudi0is am
abeyoed UOISS| OPON | Xapuj JWN | quIuo) X3pu| waug | ssey) wswe3 | xapuj | AjlARID j0 18jue) | anjep | xepu] ajeispu3 | anjep | xapuj 8AIPRIGO YON | Xapu|
{enpiAlpUl % sse)) Jeuojiesedp | 1oey3 jeuolRung jig3pnd | 34 90D | 903 ajBetenis | s35 | s38 YON
dNN

(ZAO TIYVA) SNOLLVYAJO AAKIDAA -

62



660 60 b g4 puno | 1} 660 - 4 Bary AIquassy S{IRA
Se[nydea O} palinsse SUoISING ¢ 660 560 b UOISSIN40S | ¥4 | 660 - z iSpUBLILIOY LOISIAIG
$151 5¢ 0PISE 188 SN 0} SOPNjoUl [ej0L 60 580 2 S| 8 660 560 1 uoiieisdQ | |} 80 - 02 18D Kieyjered
1 ¥oq)iy Buip pexiy . 30404 puUnoIO)
660 590 l sBuipesdold €691 | 12 580 - i PN [E10UBUI [EUONEN
60 580 2 Vo | 8 660 G660 } uoperdo | 1 80 - S 3540 Aued (8207
1 %0614 Buim pexi3 80.04 puno19
60 580 [ svo| 8 660 560 } uopedo | i 80 - } s31bH Alied [eanijod
: 1 %0qji4 Buim pexy 80104 pun0i9
S1S1 8¢ 9p|SE J08 SN G2 sepnjoul jejoL 60 580 z Svo | 8 660 560 } uoendo | | 80 S oS 18jung 10 80UAPISAY
1 %0Gjiiy Buipm paxd 80104 punoIo
S1S1 S¢ ap|SE 103 SAN ST $8pnjsu| jejoy 66°0 S0 } wSSIN30S | vb 590 S [ [eryQ awibey
660 560 I uoiedo | 4 660 - F4 Jugjd 10 BT OAM
80104 punoIg
S6°0 560 [ SSSNOSD Y [ ¥ 560 60 [/ vonopia| | L 660 - S G158 4 ebelo)s QM
4y Buim poxi4
560 560 2 ucgatpial | L 580 - ot Kiayeg T3L GAM
4y Buim pexty .
SJUBUIWO0Y yoeqpesd | $8830nS | dWN/ $38|) | 8s8]) | yovqpesd | $8820n5 | JWN/ | $8ejD UOIRY Kewpd | sse|) | oepdn | aey | SdWN al@)ded UOISSIN apON
qoid qoid | seos uopoy Aepuodes | uopdy |  qoid qoid | sepios uopoy | 1o | dWN | Jo#
: j0qoid

(40 T1¥vVd) SNOILLVYAJO FAISIOAd ,

o
(e}
180 8019 L 106 %00} Sy fonseq | 4 sje0 su0le] | £y
dnoI5 apijeA KENIERd 008 %00} W fonsq |+ SOPIPA KRTILERd | 2V | seary Aqessy
10 Kiewiuesed | 667 %00 | e Ronsea | 1 Sion eyiueied | b vopeog | O |4
1Blauad eary Kjquiassy | 8618 %001 [43 papd | ¢ Runoeg easy Aquessy | OF seany AQssy 8 ” sonsiboy L
SO S0IE] | Cer08y | %00} W foiseq |+ S[pD BwoIRy | Bt 1 skoauog) pajod uoye0) Wajold
oIS spIueA KEHINEied | 6Ly 1Ly | %00 ov Tonseq | ¢ SoRieN KEyWeRd | gc shonuop
W83 Kewlwered | OLyviv | %00} 6t wonseq | 4 Sun emmeRg | 5| Addng vomeop | ¥ | ¢
30N YIIBMIBAD AORUOD | CL¥ 79y | %00% ot Banid | € Rnosg KoAuoD | 8¢
97 | ainjde 2ULo
780 FUMID | €Or65Y | %00} I3 waey | h GUUOSRd BUED | S | syomeneusio | ob | S amwﬂwmmw s | u ,
e ISIOIRL | 85resy | %00 9 fonseq |+ JoUNOSI8g JSHOIBL | ¥e [ o | n SoRmgu | o | o
uonesyy) ublsiog ubiaso4 doig JOpIO pue 9
60 eU0iRY | SSYESY | %00 73 fonseg |+ JPudGsIag 1SH0IBYL | €€ MeT ysigeIs3
Yodwo) NG | ZSvreey | %00r | ¥ Fomssd |+ Siwung SwoleL | 26 mcwuwwmm @ | & | jome domeg| S | 6
Ripe4 Bueil | Zev8ly | %001 3 fogssg | 1 sdwed Buues) | 1g ' )
droiS epigen Keiweied | Livaly | %00} 3 Tonseg |+ SPNBA Kieyiweieg | Ot spoowoaubeN | o . wonendod | o .
T80 KiepiwEed | Shvviv | %00 e fonseg |+ Siun Kejjwered | 62 e Auou 101 ,
. 010 SRIeA KEnjweled | EVwehy | %001 0% fonseq |+ SOPIgOA AETWERd | 8¢ |




660 SL'o } wissIN 3OS | v 590 - S 118D el
60 580 Svo | 8 660 560 1 uopeRdo | 1L L0 - 3 8D isuosia)
1 X0qyi% Buim paxig 83104 PuUNOIS
60 580 svo| 8 6670 S6°0 i vogesdD | (1 10 - £ [EIETITIN
| Xoquiy Buipm pexid 80J04 punci
$1S1 8e 9pjsE 128 SAWN 0Z SepNIoUl jejoL 60 80 2 SVD 3 80 - [13 xeidwod 1a3ung
1 %091 Buim paxi3
60 80 [2 SVD ] 80 - 04 Ryoed buwiel)
1 %0qij1y Buiam paxid
60 580 7 [SP) 8 80 - I dnoJCaiyaA Kiejweled
1 %0qjiiy Buim paxid
60 80 3 SVO 8 80 - [ 18D Keyjwe.ed
1 %0q)i Buim paxid
60 S8°0 3 SVO ] 80 - [ dnosc epiyap Reljiwesed
J xoqy Buipm paxiy
60 580 3 Sv0 8 80 - S 180 Keyjwesed
: 1 %01y Buim paxid
660 660 b W | e 660 - ¥ 8)S uonquIsiq
load BuyeauBu3 yu0
SUOL (9} = SUOISSI/ § X UOISSI/SUOL 02 66°0 660 I W) | #2 660 z 8 peoy Aiddng jailey
joley ueyeyUBWNY
80 60 z (MR T 660 - v pooyoquBiaN @inoy |e%07
’ ubeduwe) uoneuLoj)
80 60 z (TR 660 - Sh PIOLEM / BI4D VEID
ubredwe) uogeuuojuj
660 SL0 } woIsSIN 40S | ¥4 S80 - z
60 580 3 SVD 8 80 - S dnosy sdiye Kejiwesed
1 X0qjix Buip pex14
60 S8°0 z 3R] 3 80 - 8 129 Kieyjweled
1 x0qy Buim pexy
660 60 } uoperdo | 11 660 - ol dio19 ueoyda] 207
80104 PUN0JO
66°0 60 I uonesado 1 660 - 0z Kyoed suel} 10 auyadig
80104 puUnoI9
66°0 60 b uonerRdo W 66°0 - €l pio}: doJJ 0 auly ‘PIBYIO
80104 puUnoi9
Sabexoed uojssiul 7/ = %09 X sajuedwo) 0zi 6670 560 uogersdQ | 41 60 580 z SV0 [ 80 2 7] Kuedwo) 1equio)
80104 puncs9 1 xoqiiy Bum pexid
sabexyoed 660 560 vofiesedg | 4t 60 $80 9l SR 8 80 8 8t Tnoig sporyen woddng
uoISSI §Z = %09 X (Suoyenes Oy = suoisna 2) 80J04 punoig 1 %oqyi Buim pexid
860 S6°0 uopessdo | 4 60 580 9l Sv0 8 80 7 [ 1n0J5 sjIyaA 18qUI0D
82.04 punoi 1 xoqui Buim paxid
660 S0 } wISSIN 40S | ¢1 590 3 Gi $Japea| uoIsiig
60 680 Sv0 8 660 560 } uopedo | 1t 80 - ¥ dnag apiysp Kiejweied
{ X0G4iny Buim pexid 2004 PUNOIS
60 580 SY0 ] 66°0 560 ) uoerRd0 i 80 - [ 1183 Aeypwesed
| xoqry Buim pexi3 30104 pUN0I9
660 60 } uoieRdg [y 660 - [Z s000i} BAlY 8307
0104 pUNQIS)

uogesedo

64



65

60 680 SO 660 S6°0 uoneRdo | 11 80 ! e skonaf
1 %04 Buim paxid 30104 PUNCIH

60 580 SV0 660 $6°0 uolered) | b 90 b drug spiyep Keljueled
1 xoqu Buim pexid 80104 punoI9)

60 580 R 660 %60 wojerd) | |t 90 v W80 Keywered
| Xoqii Buim pexi3 8004 PUNOI9

660 G660 uoesdo | 1 90 Si TR ealy Aiquassy
80104 pUNQI9

60 580 3R] 660 560 uopesd0 | 41 80 v Sjia0 isuoua
1 xoqyi Buim paxid 83104 pun0I9

60 680 SYd 660 S6°0 wogendo | 11 80 3 dio15y apwaA Kieyjwesed
§ X0 Butm pexid 80104 PUN0I9

60 80 3R] 660 560 vorendo | 11 90 3 193 Kieljiweed
1 xogq4 Buim pexi4 €04 punoI9

6670 660 uouerdo | 4 80 i AN0Y Yoiemdng Aoauc)

83104 puNCIO




Kianjaq weiBoig BUueIl | 1902-2V02 | %05 (14 foud 601 &
Aiijoe BuuEl 5910d | Ov022602 | %08 Z oed | sb | wesboud buwier saiod | 42
Weiboid 0SSy | 1€02-202 | %00% 9% JULGSIag a0104
sloisey v 82104 JiNoay X4 80104 feuoleN 0 8
oS Aundag ealy | 91022861 | %00} [#4 vaed | ¢ Aunoeg dyo uwpy | 7z
90y0 1odedSMaN/OIPEI/AL | 9961-286) | %001 (71 sbewr [/ semoeren | 12 .
Sjoweid uonegSIIwpY
WaAZ3 LORR] | 9EBL-1Z6L | %001 £ wajod | ¢ suon2e(d feaoeuomeN | oz wy | O L
‘Buma jeloW0 UWPY | 0261-128F | %08 74
10js8 G2 18pI0 SUGipuoy alels
S0YO Liwpy 1207 | 028)-128) %0. ¥4 et Y Sudgound WP MO | - 64 puemejag | 0L 3 XaN qels3 £
90410 1adedsMBN/OIPEIAL | 0281162t | %00} 0z sbew) |yl SIBRNO BIpSR | g1
2j0Wold
fIG0YIOquUBIaN €907 | 062}-992 | %00} ) 20uBhdwiod |~ g | WoddnS GOREIRdOd NG | L} sais | g
o))S obeweq Aided | GSZi-1vsy | %02 8 axised | ¢ Wb vodrusiq Jolew
ous Kinfur eaipsiy | ObZISkZL | %08 i sl | v aousnbasuon jsajosg | O
900 JodedsmaN/OIPRYAL | S1Z1-19F | %001 g} abew | | sieRnQ elpay | G sil0d
Siowoid sjuaby uogdnisiq o o__.cow
Sea1y POOUIGGYBIaN 2307 | 88810201 | %00t | Gr SUeldwo) | § | Sewoio3 B0 BIds | by swopezuetio || wessay | 05 | T oy |
18 BiG 181005 18307 | 62910854 | %001 " soueydiio] | g SWaby 610 Je0ds |61 ssjodg
Jopea? a0 Jaods | G9G1-GESH | %004 € Rewey | 6 dysiapea Bio sepods | z1
200 JadedsMaN/OIPBYIAL | SES1-90S) | %001 ) abew| |ty SIBING EPOW | 14
8j0Wold UGQBIUNLILOY
19peaT RIUNWWIO) (€967 | S0S1-G580 | %001 m Wewoy |6 Boria | o ougz | O | Y
13peaT Aunwwos
200 sodedsMaN/OIPBR/AL | SGEL-92EF | %00} o abew| | gy SIBAR0 EIPOW | 6
LI T
POCUIOQUBIAN 8907 | 2€1-9521 | %001 6 soueldwe) | g | Woddng uoyeindod ) | g sag | ¢
a)ig sbeweq Ayioes | 662i-95L | %0¢ 8 aisay | ¥ by yepy kouabinsy)
3y Kinlu) B3PSl | 56962 %08 1 °lisey | v aouenbasuo 3l | ¢
YIOMSN oddns | 65z-162 | %001 g oZjeaneN | ¢z & SOMBN | 9
1oddng Jsuous |
- siajlods siajiodg
ayoe] suodeaM | 0S2-100 | %00} S foaseq |} opPEy | § o teajoq aeps) | 08 ! weoineseq | b
suodeap 1suosua ) sapods Bugesedo 174 4
e suous) | 00196 %00} ¥ fonseq | ) siedisous) |y s
19peaY RO EUOLSL | 6619 %00} 3 amde) | 31 diysiapesTisuelay | ¢
30y)0 JadedsMaN/OIPR/AL | 0910 %00} 3 obew| | py SIBAO EIpe | ¢
ajowold souabifjaiy G
1apea Runiwioey [eac [T %00} ! RES | 6 uogesadood | | poowoqubianN ,
1apes Jup3
eb®jaed UO[SSIN @PON | XePUI dWN | GUINOD | Xepy| o3 | sseD lusws(3 | xepuf | AnARID JOJejue) | enjep | Xepu] @ieISpu3 | enjeA | Xepuj | »Al98Ia0 YON | XepY]
[enpiAjpY} % ssejo (euoiesedg | 10ey3 {euopoung iSaWd | 34 903 | 909 oBajeng | s35 | s3s VON
diN
(ZA0 1 LUV NOILLDQWISNODTY ANV ANTIAVLS

66



uojeupioo) alold | 9826182 | %001 66 PEwod |6 5128001 OIN/IOAD | €6 O0ONIOAd | 01 9l 09NOAd | 08
ady0 sededsmaN/oIPEU/AL | 818268LC | %001 85 ebew |y} SIBAnO BIPON | 2§ .
sjowold
a)s Aiunoeg ealy | 88/2-%5.2 %001 1S 1aj0id € U0§a8}01d Jojoe[UOD 19 s10p65 piy Wewdojarag
uogeuipioog Pafold | €5.2°60C | %004 95 1euo) | 6 siafold | 0§ ouwoucoz sy | O s omwoucoz | 08
: : Juawdojaas( uoog '
tuswaasBy AieauoW /piv | BLIZ1ILT | %001 [ wewaasby | 0} Siuewaaiby | 6F yoddng
. ubis Piv J1wou0d3 puoReUAN|
- be
80y JadedsmaN/oPeIAL | 0122-1892 | %001 £ o %Eoﬁ_ o SsOEno epan | gv
Gnoig jusudinb3 JSIPIOS | 0892-9592 | %o €5 fod vowdinba Al
TnOI) SPINPA 1EqWeD | S392-91S2 | %08 | 28 wea s Wowdnoa few | 1y
Kanjeq weiboig Bujures $30.04 $80J04
ieQ d Bujures, | 6528852 | %05 13 fodea | s weiboig | o ey evogey | 08 | ¥ funoag pwayy | 08
Ajoed bujers Leww | 2962 %08 [ : Buiujes) Ay
~ BumeApeisiuI/OON | 9952-6552 | %00H [} jouuosiad
Srisey | ¥ pasnuz/oon |
BUfia 19350 KENIN | 8362-6v7C | %00} 8 weje) 6 diyssopea el A9 | bp
830 100edSMaN/OPRI/AL | BYVCGIVE | %001 Ly sﬂwcumﬁ - sepnoepe | &b ot oo
|
PecTAiddns |€9psy | SLYZHIYT | %001 9 foideg | g1 soudyoais [eapa | ot WesHogng | S €l weeHomang | %
JluyD Jo [B)dSOH | €1pZ-90¥2 | %00} S 8J0)s0y ¥ SO / seydsod | 1y
alS Aundas ealy | S0yg2Z0vC | %004 [ Runasg
’ wejoid 3 Wa)SAG podsuesy | . or
00yj0 Jededsman/oipeX/AL | 10V2-2L60 | %00b [ abew|
S0W0lg 1 sjagno elpsiy | 6€ SHoMBN o "
eur ey | 1LE2-L9E | %001 44 2)0)59Y s soun ey key | gg uogeyodsuel)
Aempeoy | 99€Z7-59EC | %00} 134 as0)58Y ) skempeoy Aoy | /¢
ebpug | ¥9EZ-GSEC | %00} oy esey | ¥ sefpug fay | of
90Y0 JadedsmaN/OIPB/AL | ¥SECGZEC | %001 68 ebeuwj v sepnoepen | s¢
fowo.d uogeanpIugng | Ob 1 14
Buiping 10049 | $2€2-0822 | %001 8t ou0i58Yy y sagifoe4 jooyog g0l | te
8 Apunseg ealy | 6/22-592¢ %00} £ Runoeg
) weloid | € suopeaunwwos | ©€ aInongseyu| 09
QYO ededsmen/olperinL | $922-6822 %001 g€ “abeu| W [E— = algnd
8jowold SHIOMPBIN G .
Ruoed 1myue) eipa | ¥E¢z-502C %001 gt al0js8y b Sijuaj ie uoneuuojul 0
: BP9 Jsedpeoig
~Kyjioe 4 suogeaunwwo) | ¥0Zz-0662 | %008 € (21
’ elisey v 18WB)u) / auoydaje| 0¢
ayS Aundasealy | 68129512 | %001 €€ Wejold € Aunoag sweisks Agn | 62
aoyQ rededsmaN/opRI/AL | SSIZ-OTIT | %001 [43 “ebew|
° alowoig | 7 SO BIPSN | 82 obemag . 6
Roed somes [ 1BIBM | SZIZV0IC | %004 23 X050y v jusugeal] 2 1 3018M { Aouioel3 :
abemag / Jalepm
Rijoe 4 18M0d 180913 | €012Z60C | %001 0t as)sey ¥ SHIOMaN Jamod ouds3 | 9z
800 Jadedsman/oiped/AL | 1602-220C %001 62 abew| bl sepno epe | <z

sjowocid

67




L0 20 } W | 2 66°0 0 0¢ 80y sdedsmaN/OIPEY/AL
ubedwe)) voneuuoju|
10 10 b lavsnl | 8z L0 L0 } (MO T3 660 - 12 pooyioqybian 2007
ubjedwes ojuy ubiedwe?) vopeunou)
S1S1 Se apise }as SN SZ sepnjoutfelol | 6670 660 b W] ez 660 560 } (wod) [ 1¢ 660 - [ 3 ebeweq Aype4
fo1d BuyssuiBug w0 si01s8y AN and
$1S1 se ap|se 198 SJWN SZ sepnjoul jejo) 660 560 I N € 660 560 } W | 660 - 1« g Anluf leaipsiy
UOISSIA {EQIPOI AID UOISSI [BAIP3IY AID
L0 L0 b w'| & 6670 z0 i3 800 adedsmaN/Oiped/AL
ubedwe uojjeuuou
L0 10 b {avsn} | 82 L0 0 } W | & 66°0 GZ0 | 09 sealypooysoqyBian 2207
: ubiedwen oy ubredwe?) uoneuuojy|
uoijezjuebo/sijed 660 60 i do Aunoeg g Ayigels | €l 80 §z0 | 09 90 B10 Joji0dg 8307
¥ x Buiesado suoyeziueBio sajods JusjoIA-uou G}
uojjezjueblo/s:epes) 660 80 i SADeNuj oewoidig ! 80 To0 | o¢ Japeay BiQ sajods
¢ X suoneziyefo Jajiods JusioIA-uou Gy
L0 L0 l W 2 6670 o | O 2010 adedsma/OIped AL
ubledwe? uoneuoju;
uonlie0d 10 Joddns 100-00 O} Paloejuod S1apes) 05| 66°0 80 b aAeniu) onewoidig ! 66°0 } 054 Jop@ Aiunwwoy (2207
L0 10 } (MR 3 660 70 0 300 adedsman/oiped/AL
ubledwe?) uonewwoju|
L0 10 b {aivsnt | 82 L0 L0 } W & 660 G20 | 0L pooyloqyBia 2307
ubledwes oju| ubredwe) uojewLou) :
$1S1 se 9p|se 188 SN 005 83pNJ3U] [Bj0} 6670 660 b (MR 660 S6°0 i fwd) | it 660 - 005 ayg abeweq Ayeq
[osd Buyseuibu3 9 al0jsay Auian and
$1S1 $e apise jes SJWN 005 86pN|oU] [B10L 660 560 b NN | e 6670 S60 } (T 7 660 - 005 8ug Ainfuy jedipapy
UOISSI [BOIPOI AID UOISSI [EJIPBA AID
660 80 ! 60 Aunseg g Kugels | €l 66'0 80 } vopessdo | 11 80 1o S 0maN Poddng
82104 PUN0IS)
660 80 ! do Aunceg g Anigeis | ¢ 660 20 b vonersdo | 11 80 3 054 8yoe suodesp
82104 pUNOID
dn uex01q 5133 15168 JofeW G 6670 80 b do Aunoeg R Augels | €1 6670 80 } vopeiedg | kb 80 1o S 183 isuoLia]
80104 punoig
aouakyjsiui ueb o) sainidea siapes) 1suoua) GE 660 80 b do hunsesg Auigess | ¢l 660 80 ) uoned) | i 80 z0 [ 1opea (130 IsuoLa |
80104 punolo .
10 L0 } W & 6670 70 | o 3240 190edsMaN/OIPEY/AL
ubiedwe?) uoiewwoju)
souaBijjejur ueB o} pajoeuod ssepes| g 660 60 I do Aunoag R AwgeIS | €1 80 0 0¢ Japa Aunwiwog [e30]
sjuUdWWOY ¥oeqpesd | $5e90nS | JWN/ 882D | 886D | WOeQpeay | $8020ng | JWN/ | $se|D uonoy Alewpd | ssel) ajepdn ey | SdWN alzyoed uoissijy apoN
qoid qoid | sapog uoldy Kiepuodeg | uoldyY | qoid qoid | sepuog uojay 183y} dWN | jo#
j0 qoid
(ZJAO 719V NOLLDNYISNODTY ANV ALITIGVLS
80yjQ JodedsmaN/OIPEU/AL | 8162-688C | %00) 19 ebew| | vl SIBRNO BIPAW | S
Bj0wWoid
sug Aundes ealy | 88821582 | %001 09 Rejoid € UoRIa0Id OONIOAd | ¥§ suoyeziuebiQ UCHBZILOIYOUAS

68




sdnosB g X 00G JO SY0[q U PajinIoal SJalpjos 20 9'0 Bujuresy eoodileyiN | +¢ 660 1o 8 bimaA paistu3 / OON
660 S6°0 Butuies} sdod/leMIN | $E 660 S 0} Limap 12040 Kieyw
10 L0 lGivsn) | se 660 z0 [3 20,0 adedsmaN/oipeY/AL
ufiedurg oy
Suojssjul G X UOISSIw/suo} 0} 660 660 (T3 660 10 S 2807 A|ddng |edipapy
jeliey ueuejuewny
660 $6°0 wod} | 1 660 70 [} ) o [eidsoy
1058y Augn gnd
660 60 Rnosg sopenuod | 6¢ 660 60 do Aunseg ¢ AyiqeiS | ¢ 660 10 [ ali§ Ayndag ealy
0 ) faivsn)| &2 660 0 i} 8010 9dedsmaN/oIpPeY/AL
ubledwe? oju|
660 660 W | 62 660 $6°0 fwog} T 3¢ 660 1’0 S au ey
foid Buyseuibu3 o a:01s8y Aunn ang
66°0 660 W] 62 6670 560 fwod) | 1€ 660 1’0 F7 Kempeoy
foud Bupeauibu3 i) : 210359y Ain qnd
660 66°0 w1 62 660 S6°0 Quod] | 1e 660 1o | o obpug
foid Bupeauifug im0 210j59y Aupn qnd
L0 10 {Qivsn) | 82 660 0 | o¢ 82yj0 adedsmaN/olpeX/AL
. uBiedwe) oju|
66°0 S6°0 w1 o 6670 S6°0 o) [ 1€ 66°0 o | S Bugpiing jooyog
a0lsay AN gnd 850159y An qnd
6670 60 do Rumes g Auigeis | ¢t 660 Z0 | & alig Aundeg eaty
10 10 {aivsnl | 82 660 20 | oO¢ 30yj0lededsman/oipeY/AL
ubredwe? oyuj
660 560 W | oe 660 5670 (T N 66°0 } i3 fagoey ;yuag elpapy
0350y Auidn qnd 8:0159y AN qnd
530UIA0Id G|, JO 49Ba Ul B)iS | 6670 560 i} o 66°0 60 o) |1 660 1o | St RKupe suopedjunwwol
10158 Ain and eJ01s8y Awin and .
660 60 Rundeg jopenuo) | s¢ 66°0 60 do Qunoag g Aligeis | ¢ 860 7o | ¥ 8l Aundss ealy
10 10 {avsni | 82 660 T0 | 0 20yjQ1adedsmaN/olpex AL
ubredwe) ojuj
660 S6'0 wl T o 660 5670 wod) |~ ie 660 1o | & Jloe Jamas [ Jajlem
as03s9y Amnn and 2i01s4 Auinn and
66°0 560 i | o 660 S6°0 (wod} [ i¢ 660 vo | 2 ided 13M0d D13%313
8u0js2y Auian ang 8s0jsy Awnn and
L0 L0 Wl 2 L0 L0 {avsn | &2 6670 z'0 0t 32y0.adedsmaN/OIpEY/AL
ufiredwe? uoyewsou uBledwe? oju|
s85ulr0xd G} jo yoea uy weiboid aojod | 80 9'0 buiures) adod/ARIIN 3 660 1’0 St KianaQ wesboid Buiuies |
saouox G} Jo yoea u weiboid adyod | 6670 660 (MR 660 0 Si 404 Buiures | adljod
foug Supssuibu3 o )
s99uIA0X G| JO Yoea uj weaboid aoy0d | 80 90 Buurel | adiod/ARlIN e 660 X)) Gl weiboid JuswinIzy
660 60 do Aunces g Auigels | ¢ 660 GC0 | 05 g Kyindag ealy
L0 10 0wy | 2 10 10 favsni | sz 6670 T0 (3 20yjCiadedsman/olpexjAL
ubBiedwe) uonew:oju; uBledwen oju|
Su0ja9[8 [epuiA0id [230] G| + UOHIBJS {BuOlieU | 660 80 do Runoeg g Ayigess | ¢4 660 zo | of JuaA3 UoRB3
660 560 it 6670 S6'0 @esy | ¢¢ 660 b 05 DulaA [eRyjQ Wwpy
uojloung o9 Ing
Siey0 abeliA 10 ‘umo} ‘Ko ‘eiouiroid g 660 S6°0 23 660 S6°0 (eeig) | e 660 3 05 300 UiWpY 8307
UOJIOUN] A0S [1A1D)

69




10 L0 W T 0 o lawsn T &2 660 0 [ o¢ adyQtadedsman/OIpeY/AL |
ufitedwe?) uonewsojuy ubedwe?) ojui
660 60 4o Awnoeg p Rgeis | €1 66°0 60 Qunoag jopequod | 6f 660 S0 | ot ali§ Awndeg ealy
sjoaloid 0 5] W | e 66°0 szo | st uojeuipio0) yaloid
e Buneyius s6i0 1n09)-uoN Jo sBig Asejunjopseieald G¢ ubedwe? uopeuuou
10 L0 W | 22 L0 L0 “{awsn | sz 66°0 20 0 aoyjQJadedsman/oped/AL
ubiedwe? vojewsoju; ubiedwe?) ojuy '
6670 60 dg funsag g Kyyaeis | ¢ 660 60 Rundag opequo) | 6e 660 G0 | &t )5 Andag ealy
ipeafo.d jeamynonbe 7 jemsnpul Bugeniuy suoyelod:od gg L0 0 Wt | 2 66'0 §20 | &€ uoyeuipi00) jo8oid
ubredweq uoneuwoyu]
660 80 aAzieliul opewoidiq } 6670 - g 1waveaiby Kiejaucyy / piy
L0 L0 W 2 660 z0 0¢ a0y;QladedsmaN/oIped/AL
ubiedwe? uoneuwuou;
SUOISSIW GZ X LOISSILY/sUO} O 660 S6°0 ~{avsn | og 660 S0 [13 ~ dnu9 uawdinb3 IPI0S
SIUBIS) iwou0o3]
sdnosB (g x dnosBijpasaniap sajoiyeA 002 66°0 S6°0 {aivsni | oz 660 S0 08 Tnoi9 spIyaA lequio)
SIUBIS JIOU0O]
sdnoib g X 00 o S%30(q Ul pauies Sieipios 80 90 Bujuies] edjod/NelIN | +£ 660 500 8 - Ki)jaQ wesboid Buiuies]
660 66°0 W | 62 66°0 - i Ayoe 3 Buiues] Kewn
loxg Bupaaubu3 m)

70




APPENDIX B STAFF ACTOR KNOWLEDGE
CHARACTERISTICS (BASELINE)
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TASK 1-3  IDENTIFY DESIRED STRATEGIC ENDSTATES

Task Description

Task 1-3 begins the construction of focal knowledge within the simulated JTF planning
rhythm. The task produces the first level of decomposition of the NCA Objectives into a
set a desired Strategic Endstates for each phase of the operational campaign.

Task Participation

Task 1-3 is led by the Joint Coordination Board (JCB) that is nominally comprised of the
following primary actors:

— JTF Commander

— Ambassador

— Director, Joint Interagency Coordination Group.
The primary actors engage in an initial execution of Task 1-3. If the number of identified
Strategic Endstates reaches the set threshold level specified in the model, the task is
considered completed —otherwise, the task is re-executed after supporting the JCB with
secondary actors. Secondary actors supporting the JCB include

— JTF Information Superiority Chief
— Information Superiority Officer

— Effects Assessment Supervisor

— Information Operations Supervisor
— JTF Plans Officer

— Political/Military Planner

— Red/Blue Planner

— JTF Operations Chief

— Fires/Targeting Officer

— JFACC Liaison

— JFLCC Liaison

— JFMCC Liaison

— JSOTF Liaison

Area and Level of Staff Expertise

The following set of tables indicate the areas and levels of knowledge characterizing each
of the actors listed as participating in Task 1-3.
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TASK 1-4  IDENTIFY CENTERS OF GRAVITY

Task Description

Task 1-4 continues the construction of focal knowledge within the simulated JTF
planning rhythm. The task produces the second level of decomposition of the desired
Strategic Endstates into a set of Centers of Gravity for each phase of the operational
campaign.

Task Participation

Task 1-4 is led by the core Joint Planning Group (JPG) that is nominally comprised of
the following primary actors:

— JTF Commander

— Deputy JTF Commander

— Information Operations Officer

— JTF Plans Chief

— Ground (Army) Planner

— Ground (Marines) Planner)

— Air Planner

— Maritime Planner

— Special Operations Planner

— Political/Military Planner
The primary actors engage in an initial execution of Task 1-4. If the number of identified
Centers of Gravity reaches the set threshold level specified in the model, the task is
considered completed —otherwise, the task is re-executed after supporting the core JPG
with secondary actors. Secondary actors supporting the core JPG include

— STO Planner

— Operations Law Planner
— Red/Blue Planner

— Force Protection Planner
— Deployment Planner

Area and Level of Staff Expertise

The following set of tables indicate the areas and levels of knowledge characterizing each
of the actors listed as participating in Task 1-4.
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TASK 2-1 IDENTIFY PMESII FUNCTIONAL ELEMENTS

Task Description

Task 2-1 continues the construction of focal knowledge within the simulated JTF
planning rhythm. The task produces the third level of decomposition of the desired
Centers of Gravity into a set of PMESII Functional Elements for each phase of the

operational campaign.
Task Participation

Task 2-1 is led by the core Joint Planning Group (JPG) that is nominally comprised of
the following primary actors:

— JTF Commander

— Deputy JTF Commander

— Information Operations Officer

— JTF Plans Chief

— Ground (Army) Planner

— Ground (Marines) Planner)

~— Air Planner

— Maritime Planner

— Special Operations Planner

— Political/Military Planner _
The primary actors engage in an initial execution of Task 2-1. If the number of identified
PMESII Functional Elements reaches the set threshold level specified in the model, the
task is considered completed —otherwise, the task is re-executed after supporting the core
JPG with secondary actors. Secondary actors supporting the core JPG include

— STO Planner

— Operations Law Planner
— Red/Blue Planner

— Force Protection Planner
— Deployment Planner

Area and Level of Staff Expertise

The following set of tables indicate the areas and levels of knowledge characterizing each
of the actors listed as participating in Task 2-1.
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TASK 3-1 IDENTIFY NODE MISSION PACKAGE CLASSES

Task Description

Task 3-1 continues the construction of focal knowledge within the simulated JTF
planning rhythm. The task produces the final level of decomposition of the desired
PMESII Functional Elements into a set of Node Mission Package Classes for each phase
“of the operational campaign.

Task Participation

Task 3-1 is led by the Joint Fires and Effects Working Group (JFEWG) that is nominally
comprised of the following primary actors:

— Effects Assessment Supervisor
— Information Officer Supervisor
— Political/Military Planner

—~ Red/Blue Planner

— Land Operations Officer

— Air Operations Officer

— Maritime Operations Officer

~ Special Operations Officer

—  Ground Weaponeer/Targeteer
— Air Weaponeer/Targeteer

— Maritime Weaponeer/Targeteer
— Special Operations Weaponeer/Targeteer

The primary actors engage in an initial execution of Task 3-1. If the number of identified
Node Mission Package Classes reaches the set threshold level specified in the model, the
task is considered completed —otherwise, the task is re-executed after supporting the
JFEWG with secondary actors. Secondary actors supporting the JFEWG include

— Operational Net Assessment (ONA) Supervisor
— ONA Effects Analyst

— ONA Network Analyst

— ONA System-of-Systems Analyst (SOSA) - Political
— ONA SOSA - Military

— ONA SOSA — Economic

— ONA SOSA - Social

— ONA SOSA - Information

— ONA SOSA - Infrastructure

— Operations Law Planner

— Force Protection Planner

— Reach-Back Expertise ~ Political

—~ Reach-Back Expertise — Military

— Reach-Back Expertise —~ Economic

— Reach-Back Expertise - Social
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— Reach-Back Expertise — Information
— Reach-Back Expertise — Infrastructure

Area and Level of Staff Expertise

The following set of tables indicate the areas and levels of knowledge characterizing each
of the actors listed as participating in Task 3-1.
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CLASSIFICATION OF KNOWLEDGE ELEMENTS

Each simulated staff actor within the model is characterized in terms of their areas and levels of
expertise across the different PMESII dimensions of the battlespace. In order to match this
expertise with the specific knowledge elements in the operational scenario, one must first specify
the PMESII dimension associated with each knowledge element —e.g., Strategic Endstate, Center
of Gravity, etc. It is recognized that some knowledge elements will reflect a combination of two
or more PMESII dimensions —e.g., a knowledge element might reflect a battlespace entity that
requires both political and social expertise for its recognition. However, in order to simplify the
modeling logic, it is assumed that each knowledge element will reflect a key PMESII
dimension—i.e., the dimension of expertise thought to be most critical to its recognition—even
though it might involve other PMESII dimensions to a lesser extent. The following tables
provide a baseline designation for each of the knowledge elements across the four levels phases
of the operational scenario and across the four levels of knowledge decomposition.

Phase 1 — Setting Conditions for Success

Strategic Endstates
NCA Objective Strateglc Endstate Key Dimension
Shape Battlespace Air/Sea Superiority Military
Persistent ISR Military
Insurgency Alignment Military
Capitulation / Neutrality Political
| Population Support Social
Initial Deployment Military
Regional Diplomacy Host Nation Agreements Political
Neutrality Agreements Political
Centers of Gravity
Strategic Endstate ~_| Center of Gravity ' Key Dimension
Air/Sea Superiority Adversary Airpower Systems Military
Adversary Seapower Systems Military
Persistent ISR Key Areas of Interest Military
Insurgency Alignment Intemat Insurgency Forces ' Military
Capitulation / Neutrality Key Administrative / Military Officials Political
Population Support Civilian Population Social
Initial Deployment US / Coalition Forces Military
Host Nation Agreements Country Green Political
Neutrality Agreements Country Orange Political
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PMESII Functional Elements

Center of Gravity

PMESH Functional Element

Key Dimension

Adversary Airpower Systems Fighter/Interceptors Military
Military/Civilian Airfields Military
Airfield Support Facilities Military
EW Radar Networks Military
GC! Radar Networks Military
SAM Control Radars Military
SAM Batteries Military
Adversary Seapower Systems Naval Combatant Ships Military
Submarines Military
Littoral Patrol Boats Military
Military Seaport Docks Military
Seaport Support Facilities Military
Paramilitary Sea Threat Military
Sea Mine Clearance Areas Military
Key Areas of Interest Regime Leader Residence Military
Political Party Facilities Political
Political C2 Network | Political
Regime Financial Network Economic
WMD Delivery Systems Mifitary
WMD Stockpiles Military
Red Military Installations Military
Red Staging Areas Military
Red Defensive Positions Military
Red Approach Routes Mititary
Paramilitary Stockpiles Military
Paramilitary Units Military
Paramilitary Vehicles Military
Terrorist Training Camps Military
Border Infiltration Routes Military
Ethnic Populations Social
Refugees/Resettiements Social
Key Geographic Areas Social
Regional Media Outlets information
Natural Resource Facilities Economic
Resource Infrastructure Infrastructure
Technical Workers Economic
Internal Insurgency Forces Regional Insurgency Cells Military
Insurgency Leadership Military
Key Admin/Mil Officials Democratic Leadership Political
Local Admin Leaders Political
Key Utility Managers Infrastructure
Military Leaders Military
Civilian Population Religious Leaders Social
Local Tribal Leaders Social
Key Ethnic Populations Social
US/Coalition Forces Airmobite Assault Forces Military
Amphibious Assault Forces Military
Deception Forces Military
Country Green Green Minister of Defense Political
Green Minister of Interior Political
Green Military Commanders Military
Country Orange Orange Minister of Defense Political
| Qrange Minister of Interior Politiral
Qrange Military Commanders Military
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Node Mission Package Classes

PMESII Functional Element Node Mission Package Class _Key Dimensfon-
Fighter/interceptors Fighter Aircraft Squadron Military
Military/Civilian Airfields Military Airfield Runway Military
Civilian Airfield Runway Military
Airfield Support Facilities Fuel Storage Facility Military
EW Radar Networks EW Radar Complex Military
GCI Radar Networks SAM Control Center Military
SAM Control Radars SAM Control Radar Site Military
SAM Batteries SAM Launcher Battery Military
Naval Combatant Ships Naval Ship Group Military
Submarines Submarine Military
Littoral Patro} Boats Patrol Boat Group Military
Military Seaport Docks Military Dock Complex Military
Seaport Support Facilities Sea Support Facility Military
Paramilitary Sea Threat Paramilitary Boat Group Military
Sea Mine Clearance Areas Sea Mine Area Military
Regime Leader Residence Regime Residence/Bunker Military
Political Party Facilities Political Party Headquarters Political
Local Party Office Political
Political C? Network Political C2 Node Political
Altemate Political C? Node Political
Regime Financial Network National Financial Net Economic
WMD Delivery Systems WMD TEL Battery Military
WMD Stockpiles WMD Storage Facility Military
Red Military Installations Military Garrison Military
Red Staging Areas Military Staging Area Military
Red Defensive Positions Defensive Fortification Military
Red Approach Routes Key LOC Route Military
Paramilitary Stockpiles Weapons Cache Military
Paramilitary Units Paramilitary Cell Military
Paramilitary Vehicles Paramilitary Vehicle Group Military
Terrorist Training Camps Training Camp Area Military
Border Infiltration Routes Infiltration Route Military
Ethnic Populations Ethnic Neighborhood Social
Refugees/Resettiements Refugee Camp Social
Key Geographic Areas Key Urban Area Social
Regional Media Outlets TV/Radio/Newspaper Media Information
Natural Resource Facilities Qilfield/Processing Complex Economic
Key Agriculture Area Economic
Resource Infrastructure Qil/Gas Pipeline Infrastructure
Technical Workers Key Worker Group Economic
Regional Insurgency Cells Insurgency Cell Military
Insurgency Leadership Key Insurgency Leader Military
Democratic Leadership Key Parliament Official Political
Local Admin Leaders City/Town Mayor Political
Key Utility Managers City Utility Manager Infrastructure
Military Leaders Military Commander Military
Religious Leaders Key Cleric.Official Political
Local Tribal Leaders Key Tribal Warlord Politicat
Key Ethnic Populations Key Ethnic Region Political
Airmobile Assault Forces Blue Airmobile Unit Military
Amphibious Assault Forces Blue Marine Unit Military
Deception Forces Blue Ground Unit Military
(aroon Minictor nf Nofange Querflight Agreement Palitical
Green Minister of Interior Transit Agreement Political
Staging Area Agreement Political
Green Military Commanders Forces Agreement Military
Qrange Minister of Defense Political Neutrality Agreement Political
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Orange Minister of Interior

Anti-Sanctuary Agreement

Political

Orange Military Commanders

Mil Neutrality Agreement

Military

Phase 2 — Initial Forced Entry

Strategic Endstates
NCA Objective Strategic Endstate Key Dimension
Conduct Deception Campaign Fix Adversary Forces Military
Conduct Initial Forced Entry Air/Sea Superiority Military
Persistent ISR Military
Eliminate WMD Threat Military
Degrade Regime Leadership Military
Conduct Amphibious Assault Military
Conduct Airmobile Assault Military
Build Insurgency Axis Military
Set Conditions for Stability & Reconstruction | Key Leader Capitulation Political
Build Population Support Social
Build Humanitarian Base Military
Protect National Resources Military
Protect Minority Population Military
Centers of Gravity
Strategic Endstate Center of Gravity Key Dimension
Fix Adversary Forces Eastern Surveillance Military
Eastern Combat Divisions Military
Eastern Advance Routes | Military
Air/Sea Superiority Adversary Airpower Systems Military
Adversary Seapower Systems Military
Persistent ISR Key Areas of Interest Military
Eliminate WMD Threat WMD Stockpiles / Delivery Sys Military
Degrade Regime Leadership _Top Regime Leadership Military
Conduct Amphibious Assault Western Border Defenses Military
Western Security Forces Military
Western Paramilitary Military
Conduct Airmobile Assault Key Airfield Defenses Military
Southern Paramilitary Military
Build Insurgency Axis Capital Area Paramilitary Military
Key Leader Capitulation Westem / Southem Leaders Palitical
Build Population Support Cultural / Religious Support Social
Key Traffic Routes Social
Build Humanitarian Base Country Green Staging Areas Military
Protect National Resources Resource Infrastructure Military
Protect Minority Population Ethnic Neighborhoods Military
PMESII Functional Elements
Center of Gravity PMESII Functional Element Key Dimension
Eastern Surveillance Long Range Surveillance Military
Tactical Reconnaissance Military
Eastern Combat Divisions Assembly Areas / Defensive Positions Military
Eastem Advance Routes Border Civilian Population Military
Adversary Airpower Systems Fighter/Interceptors Military
Military / Civilian Airfislde Military
Airfield Support Facilities Military
EW Radar Networks Military
GCl Radar Networks Military
SAM Control Radars Military
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SAM Batteries Military
Adversary Seapower Systems Naval Combatant Ships Military
Submarines Military
Littoral Patrol Boats Military
Military Seaport Docks Military
Seaport Support Facilities Military
Paramilitary Sea Threat Military
Sea Mine Clearance Areas Military
Key Areas of Interest Red Military Installations Military
Red Staging Areas Military
Red Defensive Positions Military
Red Approach Routes Military
Paramilitary Stockpiles Military
Paramilitary Units Military
Paramilitary Vehicles Military
Terrorist Training Camps Military
Border Infiltration Routes Military
WMD Stockpiles / Delivery Sys WMD Delivery Systems Military
WMD Stockpiles Military
Top Regime Leadership Regime Leader Residence Miiitary
Political Party Facilities Political
1 Political C? Network Political
Regime Financial Network Economic
Westem Border Defenses Physical Defenses Military
Westem Security Forces Conscript Military Units Military
Westem Paramilitary West Paramilitary Stockpiles Military
West Paramilitary Units Military
West Paramilitary Vehicles Military
Key Aifield Defenses Elite Security Units Miitary
Southern Paramilitary South Paramilitary Stockpiles Military
South Paramilitary Units Military
South Paramilitary Vehicles Military
Capital Area Paramilitary Capital Paramilitary Stockpiles Military
Capital Paramilitary Units Military
Capital Paramilitary Vehicles Military
Western / Southern Leaders Ministry/Parliament Leaders Political
City/Town Mayors Political
City/Town Utility Managers Infrastructure
: Military Commanders Military
Cultural / Religious Support Key Religious Leaders Social
Clan/Tribal Leaders Social
Key Traffic Routes Key Route Population Social
Country Green Staging Areas Humanitarian Stockpiles Military
Staging Areas Military
Resource Infrastructure Qil / Mine / Agriculture Facilities Economic
Pipelines / Transport Sys Infrastructure
Technician / Worker Groups Economic
Paramilitary Units Military
Paramilitary Vehicles Military
Ethnic Neighborhoods Paramilitary Units Military
Paramilitary Vehicles Military
Node Mission Package Classes
PMESII Functional Element Node Mission Package Class Key Dimension
Luny Raiys Ou villaive Luny Range Ourrcillanve Oite Military
Tactical Reconnaissance Tactical Reconnaissance Site Military
Assembly Areas / Defensive Positions Ground Combat Division Military
Border Civilian Population Border Route Civilian Area Military
Fighter/Interceptors Fighter Aircraft Squadron Military
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Military / Civilian Airfields

Military Airfield Runway

Military

Civilian Airfield Runway Military
Airfield Support Facilities Fue! Storage Facility Military
EW Radar Networks EW Radar Complex Military
GCI Radar Networks SAM Control Center Military
SAM Control Radars SAM Control Radar Site Military
SAM Batteries SAM Launcher Battery Military
Naval Combatant Ships Naval Ship Group Military
Submarines Submarine Military
Littoral Patrol Boats Patrol Boat Group Military
Military Seaport Docks Military Dock Complex Military
Seaport Support Facilities Sea Support Facility Military
Paramilitary Sea Threat Paramilitary Boat Group Military
Sea Mine Clearance Areas Sea Mine Area Military
Red Military Installations Military Garrison Military
Red Staging Areas Military Staging Area Military
Red Defensive Positions Defensive Fortification Military
Red Approach Routes Key LOC Route Military
Paramilitary Stockpiles Weapons Cache Military
Paramilitary Units Paramilitary Cell Military
Paramilitary Vehicles Paramilitary Vehicle Group Military
Terrorist Training Camps Training Camp Area Military
Border Infiltration Routes Infiltration Route Military
WMD Delivery Systems WMD TEL Battery Military
WMD Stockpiles WMD Storage Facility Military
Regime Leader Residence Regime Residence / Bunker Military
Political Party Facilities Political Party Headquarters Political
Local Party Office Political
Political C2 Network Political C2 Node Military
Alternate Political C2 Node Military
Regime Financial Network National Financial Net Economic
Physical Defenses Physical Impediments Military
Conscript Military Units Military Conscript Company Military
West Paramilitary Stockpiles Weapons Cache Military
West Paramilitary Units Paramilitary Cell Military
West Paramilitary Vehicles Paramilitary Vehicle Group Military
Elite Security Units Elite Security Company Military
South Paramilitary Stockpiles Weapons Cache Military
South Paramilitary Units Paramilitary Cell Military
South Paramilitary Vehicles Paramilitary Vehicle Group Military
Capital Paramilitary Stockpiles Weapons Cache Military
Capital Paramilitary Units Paramilitary Cell Military
Capital Paramilitary Vehicles Paramilitary Vehicle Group Military
Ministry/Parliament Leaders Ministry/Parliament Leader Political
City/Town Mayors City/Town Mayor Political
City/Town Utility Managers City/Town Utility Manager Infrastructure
Military Commanders Military Commander Military
Key Religious Leaders Key Cleric or Religious Leader Social
Clan/Tribal Leaders Clan Chief / Warlord Social
Key Route Population Local Route Neighborhood Social
Humanitarian Stockpiles Relief Supply Load Military
Staging Areas Staging Site Military
Qil / Mine / Agriculture Facilities Qilfield, Mine or Crop Field Economic
Pipelines / Transport Sys Pipeline or Trans Facility Infrastructure
Technician / Worker Groups Local Technician Group Economic
Paramilitary Units Paramilitary Cell Military
Paramilitary Vehicles Paramilitary Vehicle Group Military
Paramilitary Units Paramilitary Cell Military
Paramilitary Vehicle Group Military

Paramilitary Vehicles
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Phase 3 — Decisive Operations

- Strategic Endstates
NCA Objective Strategic Endstate Key Dimension
Eliminate WMD Capability WMD Under Positive Control Military
Eliminate Regime Power Regime Leaders Neutralized Miitary
Regime Party Neutralized Military
Neutralize Combat Divisions Divisions Capitulate / Destroyed Military
Secure Natural Resources Protect National Resources Miitary
Protect / Sustain Civilians Keep Population in Homes Social
Humanitarian Relief Military
Protect Minority Population Military
Establish Law and Order Destroy Terrorist Base Military
Stop Foreign Infiltrators Military
Apprehend Criminals Military
Protect Coalition Logistics Protect Convoys / Assembly Areas Military
Centers of Gravity
Strategic Endstate Center of Gravity Key Dimension
WMD Under Positive Control WMD Stockpiles / Delivery Military
WMD Labs / Production Military
Regime Leaders Neutralized Key Regime Leaders Military
Regime Party Neutralized Political / Financial Networks Military
Capital Area Paramilitary Military
Divisions Capitulate / Destroyed Capitulating Divisions Military
Resisting Divisions Military
Protect National Resources Resource Infrastructure Military
Keep Population in Homes Key Population Leaders Social
Civilian Refuge Traffic Social
Humanitarian Relief Distribution Relief Areas Military
Protect Minority Population Ethnic Neighborhoods Military
Destroy Terrorist Base Terrorist Operations Military
Stop Foreign Infiltrators Foreign Infiltration Cells Military
Apprehend Criminals Criminal Networks Military
Protect Convoys / Assembly Areas Coalition Supply Convoys Military
Coalition Assembly Areas Military
PMESII Functional Elements
Center of Gravity PMESI Functional Element Key Dimension
WMD Stockpiles / Delivery WMD Transporter/Erector/Launchers Military
. WMD Storage / Assembly Military
WMD Labs / Production WMD Research Labs / Plants Military
Key Regime Leaders Key Regime Leaders Military
. Regime Residences / Bunkers Military
Political / Financial Networks Political Party Facilities Political
Regime Financial Networks Economic
Capital Area Paramilitary Paramilitary Cells Military
Capitulating Divisions Division Leadership Military
Division Equipment Military
Division Troops Military
Disrupting Paramilitary Units Military
Disrupting Paramilitary Vehicles Military
Resisting Divisions Division Leadership Military
Divicinn FaAnipment Milita
Division Troops Military
Resource Infrastructure Qil / Mine / Agriculture Facilities Economic
Pipelings / Transport Sys Infrastructure
Technician / Worker Groups Economic
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Paramilitary Units Military
Paramilitary Vehicles Military
Key Population Leaders Cultural / Religious Leaders Social
Clan/Tribal Leaders Social
Civilian Refuge Traffic Key Route Population Social
Distribution Relief Areas Relief Supplies Military
Distribution Sites Military
Paramilitary Units Military
Paramilitary Vehicles Military
Ethnic Neighborhoods Paramilitary Units Military
Paramilitary Vehicles Military
Terrorist Operations Training Camps Military
Terrorist Bunkers Military
Terrorist Personnel Military
Foreign Infiltration Cells Terrorist Personne! Military
Criminal Networks Criminal Personnel Military
Coalition Supply Convoys Convoy Security Military
Paramilitary Units Military
Paramilitary Vehicles Military
Terrorist Cells Miitary
Coalition Assembly Areas Assembly Area Security Military
Paramilitary Units Military
Paramititary Vehicles Military
Terrorist Cells Military
Node Mission Package Classes
PMESII Functional Element Node Mission Package Class Key Dimension
WMD Transported/Erector/Launchers WMD Transporter/Erector/Launcher Battery Military
WMD Storage / Assembly WMD Storage Facility Military
WMD Research Labs / Plants WMD Lab or Plant Military
Key Regime Leaders Regime Official Military
Regime Residences / Bunkers Residence or Bunker Military
Political Party Facilities Political Party Headquarters Political
Local Party Office Political
Regime Financial Networks National Financial Net Economic
Paramilitary Cells Paramifitary Cell Military
Division Leadership Division Commander Military
Division Equipment Vehicle Assembly Area Military
Division Troops Local Area Troops Military
Disrupting Paramilitary Units Paramilitary Cell Military
Disrupting Paramilitary Vehicles Paramilitary Vehicle Group Military
Division Leadership Division Leaders Military
Division Equipment Combat Vehicle Group Military
Support Vehicle Group Military
Division Troops : Combat Company Military
Qil / Mine / Agriculture Facilities Qilfield, Mine or Crop Field Economic
Pipelines / Transport Sys Pipeline or Trans Facility Infrastructure
Technician / Worker Groups Local Technician Group Economic
Paramititary Units Paramilitary Cell Military
Paramilitary Vehicles Paramilitary Vehicle Group Military
Cultural / Religious Leaders Key Cleric or Religious Leader Social
Clan/Tribal Leaders Clan Chief / Warlord Social
Key Route Population Local Route Neighborhood Social
Relief Supplies Relief Supply Load Military
Orisulvutiong dles Diottibulivi Oile Military
Paramilitary Units Paramilitary Cell Military
Paramilitary Vehicles Paramilitary Vehicle Group Military
Paramilitary Units Paramilitary Cell Military
Paramilitary Vehicles Paramilitary Vehicle Group Military
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Training Camps Training Facility Military
Terrorist Bunkers Bunker Complex Military
Terrorist Personnel Terrorist Cell Military
Terrorist Personnel Terrorist Cell Military
Criminal Personnel Criminal Celt Military
Convoy Security Convoy Overwatch Route Military
Paramilitary Units Paramilitary Cell Military
Paramilitary Vehicles Paramilitary Vehicle Group Military
Termrorist Cells Terorist Cells Military
Assembly Area Security Assembly Area Perimeter Military
Paramilitary Units Paramilitary Cell Military
Paramilitary Vehicles Paramilitary Vehicle Group Military
Terrorist Cells Terrorist Cell Military
Phase 4 — Stability and Reconstruction
Strategic Endstates
NCA Objective Strategic Endstate Key Dimension
Defeat Violent Spoilers Isolate / Defeat Spoilers Military
Co-opt Nonviolent Spoilers Restrain Disruption Agents Political
Establish Next State Conditions Civil Law and Order Infrastructure
Public Infrastructure Infrastructure
Public Health Services Infrastructure
Internal Security Forces Military
International Support Economic Development Aid Economic
PVO/NGO Synchronization Political
Centers of Gravity
Strategic Endstate Center of Gravity Key Dimension
Isolate / Defeat Spoilers Neighborhood Intelligence Military
Operating Spailer Cells Military
Insurgency Attack Cells Military
Restrain Disruption Agents Ethnic Communication Political
Spoiler Organizations Political
Major Disruption Sites Military
Civil Law and Order Civil Administration Infrastructure
National Police Force Military
Public Infrastructure Electricity / Water / Sewage Infrastructure
Information Networks Infrastructure
Public Education Infrastructure
Transportation Networks Infrastructure
Public Health Services Public Health Systems Infrastructure
Internal Security Forces National Military Forces Military
Economic Development Aid Key Economic Sectors Economic
PVOINGO Synchronization PVO /NGO Organizations Political
PMESII Functional Elements
Center of Gravity PMESI Functional Element Key Dimension
Neighborhood Intelligence Ethnic Leader Cooperation Military
Media Qutlets information
Operating Spoiler Cells Terrorist Leadership Military
Terrorist Cells Military
Terrorist Weapons Cache Military
Terrorist Support Networks Military
insurgency Attack Cells IED Consequence Management Military
Civil Population Support Social
Media Outlets Information




Ethnic Communication Community Leader Dialog Political
Media Outlets information
Spoiler Organizations Spoiler Org Leadership Political
Spoiler Org Agents Military
Spoiler Org Followers Social
Media Outlets Information
Major Disruption Sites Protest Consequence Management Military
Civil Population Support Social
Media Outlets Information
Civil Administration Civil Administrative Functions Infrastructure
National/Local Elections Military
Media Outlets Information
Admin Office Security Military
National Police Force Recruit Police Personnel Military
Police Training Program Military
Media Outlets Information
Electricity / Water / Sewage Electric Power Networks Infrastructure
Water / Sewage Treatment Infrastructure
Media Qutlets Information
Utility Systems Security Military
Information Networks Telephone / Intemet Grid Infrastructure
Broadcast Media Centers Infrastructure
Media Outlets Information
Communications Security Military
Public Education Local School Facilities Infrastructure
Media Outlets Information
Transportation Networks Key Bridges Infrastructure
Key Roadways Infrastructure
Key Rail Lines Infrastructure
Media Outlets Information
Transport System Security Military
Public Health Systems Hospitals / Clinics Infrastructure
Medical Stockpiles Infrastructure
Media Outlets Information
National Military Forces Key Military Leadership Military
NCO / Enlisted Personnel Military
Military Training Program Military
Military Equipment Military
Media Outlets Information
Key Economic Sectors Economic Aid Agreements Economic
Econ Development Projects Economic
Contractor Protection Economic
Media Outlets Information
PVO /NGO Organizations PVO/NGO Projects Political
PVOINGO Protection Military
Media Outlets information

Node Mission Package Classes

PMESII Functional Element

Node Mission Package Class

Key Dimension

Ethnic Leader Cooperation Local Community Leader Military
Media Outlets TV/IRadio/Newspaper Office Information
Terrorist Leadership Terrorist Cell Leader Military
Terrorist Cells Terrorist Cell Military
Terrorist Weapons Cache Weapons Cache Military
Terrorist Support Networks Support Network Military
IED Consequence Management Medical Injury Site Military
Facility Damage Site Infrastructure
Civil Population Support Local Neighborhood Social
Information

Media Outlets

TV/Radio/Newspaper Office
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Community Leader Dialog Local Community Leader Political
Media Outlets TV/Radio/Newspaper Office information
Spoiler Org Leadership Spoiler Org Leader Political
Spoiler Org Agents Local Spoiler Org Cell Military
Spoiler Org Followers Local Neighborhood Areas Social
Media Outlets TV/Radio/Newspaper Office .| Information
Protest Consequence Management Medical Injury Site Military
‘ | Facility Damage Site Infrastructure
Civil Population Support Local Neighborhood Social
Media Outlets TV/Radio/Newspaper Office Information
Civil Administrative Functions Local Admin Office Infrastructure
Admin Official Vetting Military
National/Local Elections Election Event Military
Media Outlets TV/Radio/Newspaper Office Information
Admin Office Security Area Security Site Military
Recruit Police Personnel Recruitment Program Military
Police Training Program Police Training Facility Military
Training Program Delivery Military
Media Outlets TV/Radio/Newspaper Office information
Electric Power Networks Electric Power Facility Infrastructure
Water / Sewage Treatment Water / Sewer Facility Infrastructure
Media Outlets TV/Radio/Newspaper Office Information
Utility Systems Security Area Security Site Military
Telephone / Intemet Grid Communications Facility Infrastructure
Broadcast Media Centers Media Center Facility Infrastructure
Media Outlets TV/Radio/Newspaper Office Information
Communications Security Area Security Site Military
Local School Facilities School Building Infrastructure
Media Outlets TV/Radio/Newspaper Office Information
Key Bridges Bridge Infrastructure
Key Roadways Roadway Infrastructure
Key Rail Lines Rail Line Infrastructure
Media Outlets TV/Radio/Newspaper Office Information
Transport System Security Area Security Site Military
Hospitals / Clinics Hospital or Clinic Infrastructure
Medical Stockpiles Medical Supply Load Infrastructure
Media Outlets TV/Radio/Newspaper Office Information
Key Military Leadership Mititary Officer Vetting Military
NCO / Enlisted Personnel NCO / Enlisted Vetting Military
Military Training Program Military Training Facility Military
Training Program Delivery Military
Military Equipment Combat Vehicle Group Military
Soldier Equipment Group Military
Media Qutlets TViRadio/Newspaper Office Information
Economic Aid Agreements Aid / Monetary Agreement Economic
Econ Development Projects Project Coordination Economic
Contractor Protection Area Security Site Economic
Media Outlets TV/Radio/Newspaper Office Information
PVOINGO Projects Project Coordination Political
PVO/NGO Protection Area Security Site Military
Media Outlets TV/Radio/Newspaper Office information
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